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Figure 8:  Screenshot  of  activity  overview:  (A)  Average  steps  and  average 
minutes of activity per week, month (displayed), or year. (B) Day view 
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Figure 2:  Illustration  of  the  group‐dependent  change  in  total  Intrinsic 
Motivation  Inventory  score  and  for  the  subscales  ‘interest/ 
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vast  comorbidity  and mortality  and  has  created  an  enormous  financial  strain  on  health  care 
systems all around the globe. Physical  inactivity  is known to be one of the most  important risk 
factors for the development of type 2 diabetes and responsible for much of the diabetes‐related 
comorbidity. An  increase  in  regular physical  activity  is  therefore  an  essential  component of  a 
successful type 2 diabetes treatment. However, despite the proven benefits of regular physical 
activity,  the vast majority of patients with  type 2 diabetes  remain  inactive – often due  to  low 
motivation and lack of physical activity enjoyment. A recent and promising approach to motivate 






The aims of  this Ph.D. project were:  (1)  to  systematically  review  the  current evidence  for  the 
effectiveness of exergaming in overweight and type 2 diabetes and (2) to evaluate the suitability 
of  the Wii  Fit  Plus  exergame  to  improve  cardiorespiratory  fitness  in  individuals with  type  2 
























































24‐week  intervention  period.  Before  and  after  the  intervention  period,  steps  per  day  were 
objectively measured  during  six  consecutive  days.  In  addition,  glycemic  control  (HbA1c)  was 
measured by analysis of venous blood, and aerobic capacity (oxygen uptake at the first ventilatory 
threshold) was assessed during an all‐out exercise  test on a bike ergometer.  Intrinsic physical 
activity motivation was assessed with  an  abridged 12‐item  version of  the  Intrinsic Motivation 
Inventory  (IMI).  In  the  intervention  group,  adherence  to  the  game‐proposed  physical  activity 
recommendations  during  the  intervention  period  was  additionally  assessed  via  the  phone‐
recorded  game  usage  data.  Analyses  of  covariance  with  adjustment  for  the  respective  pre‐
intervention values were used to compare changes in outcome parameters (steps per day, HbA1c, 








The  systematic  review  showed  that  exergames  are  able  to  increase  physical  activity  among 
overweight  individuals. However, the magnitude of this  increase as well as the  intensity of the 
exergame‐related  physical  activity  and  consequently  their  suitability  to  offer  a  guideline‐
concordant  training  is  greatly  dependent  on  the  console  and  the  game mode  as well  on  the 
duration of play. The majority of the included studies were of poor or moderate methodological 
quality. No studies exist that objectively assess the effect of exergames on daily physical activity 
in  type  2  diabetes,  and  the  cross‐sectional  nature  of  all  included  studies  does  not  permit 
judgement on whether exergames are suitable to  increase physical activity  in the  long term. A 
general  lack of adequate  individualization of  the  intensity and difficulty  level was noted  for all 
exergames, making most game modes unsuitable for an effective training and potentially unsafe 
for inactive individuals with chronic diseases and a likely reduced fitness level. 

























deviation  from video  recordings) and  for  free walking  thus being suitable  to measure steps at 
normal, fast, and even slow walking speeds. The Samsung Galaxy S6 Edge showed good accuracy 
(<3%  deviation  from  video  recordings)  for  treadmill walking  ≥4.8  km/h  and  for  free walking, 
demonstrating suitability to measure steps during normal and fast walking. The good validity of 
the iPhone SE was found independently of the phone’s position (pants pocket, backpack, shoulder 







physical  activity  (+4,000  steps  per  day)  over  a  24‐week  period,  classifying  the  participants  as 
sufficiently active post‐intervention (average of 9,782 steps per day). The increase in daily physical 
activity was accompanied by an  increase  in aerobic capacity with a significantly higher oxygen 
uptake and workload at  the  first ventilatory  threshold. Total duration of  in‐game  training was 
positively correlated with  the change  in steps per day and  the change  in workload at  the  first 










Publication  5:  Effectiveness  of  a  Behavior  Change  Technique‐based  Smartphone  Game  to 
Improve  Intrinsic Motivation and Physical Activity Adherence  in Type 2 Diabetes Patients: A 
Randomized Controlled Trial. [6] 




the  intervention  group used  the  game  for  an  average of 143.1  (SD 59.1) minutes of  in‐game 
training per week, which underlines the game’s potential in motivating formerly inactive type 2 






in  daily  physical  activity  and  aerobic  capacity  and  contributes  to  a medically  well‐regulated 
glycemic control in persistently inactive type 2 diabetes patients. The game is therefore a suitable 
treatment option to motivate inactive individuals to increase daily physical activity that may be 
relevant  for  other  inactive  target  groups with  and without  chronic  diseases.  Future  research 



























low  adherence  rates  [15].  A  novel  approach  to motivate  sedentary  individuals  to  be  more 
physically  active  and  sustainably  adhere  to  regular  physical  activity  are  active  video  games 
(exergames) and gamified systems that integrate physical activity and personal health information 










detailed  description  of  the  physical  activity  and  game  design‐related  content  of  the  game 
application  is  included,  and  the  intended  24‐week  randomized  controlled  trial  assessing  the 
effectiveness of the game in increasing daily physical activity (primary outcome) is illustrated. In a 
side  project  (publication  4),  the  devices  (activity wristbands  and  smartphones)  used  for  the 
assessment of  the  trial’s  primary  outcome  (steps  per  day) were  validated.  Finally,  a  24‐week 
intervention  study was  completed  assessing  the  effectiveness  of  the  smartphone  application 
regarding increases in daily physical activity, aerobic capacity and glycemic control (publication 5) 









is  a metabolic  disorder  that  accounts  for  approximately  90‐95%  of  all  diabetes  cases  and  is 
characterized by  insulin  resistance and a  relative  insulin deficiency  [17]. The expression of  the 
disease varies from patient to patient and may change as the disease progresses, ranging from a 








































a  1.6‐  to  2.3‐fold  elevated  relative  risk  of  developing  type  2  diabetes  [25],  underlining  the 
importance of early diagnosis and treatment in order to improve the prognosis of the disease [20]. 
For  the  coming  years,  further  increases  in  the  global  diabetes  prevalence  are  projected.  The 
diabetes prevalence is estimated to increase from 8.5% to over 13% in the next 20 years (a 55% 
increase) [26] with an estimated total of nearly 700 million diabetics by 2045 [10]. Although the 






factors.  A  family  history  of  diabetes,  ethnicity,  overweight  and  obesity,  unhealthy  diet,  and 
physical inactivity are the most important risk factors associated with the disease [11]. 
A family history of diabetes is a strong and independent risk factor for type 2 diabetes, and it has 
been shown  that 40% of  first‐degree  relatives of  type 2 diabetes patients develop  the disease 
throughout  their  lives  compared  to  incident  rates  of  only  6%  in  the  general  population  [27]. 





(12.1%)  show  significantly higher prevalence of diagnosed diabetes  than Caucasians  (7.4%) or 
Asians  (8.0%)[20].  These  disparities  are  influenced  by  multiple  factors  including  biological 
(increased  insulin  resistance  in Blacks  and Hispanics  compared  to Caucasians,  independent of 
adiposity  [31,32])  and health behavior‐related  factors  (lower  levels of physical  activity  among 
Blacks and American Indians compared to Caucasians [33]). Further contributors include social and 
environmental factors (minorities commonly have less access to healthy food sources or places to 
exercise  [31])  and  health  system‐related  factors,  such  as  a  common  lack  of  health  insurance 
among minorities and subsequently limited access to preventive health care services [34]. 










61% of  the acquired cases of  type 2 diabetes were attributed  to overweight and obesity  [36], 
underlining the importance of excess weight as a major risk factor for type 2 diabetes. Overweight 





values of general obesity  indicators (i.e., body mass  index (BMI)) and central obesity  indicators 






tumor necrosis  factor‐α  (TNF‐α) and  interleukin  (IL)‐6),  impairments  in triglyceride storage and 
increases in lipolysis, contribute to higher levels of circulating free fatty acids (FFAs) as well as to 
an excess of FFAs in the skeletal muscle and the liver. The vast quantities of FFAs, TNF‐α, and IL‐6 
in  the  skeletal  muscle,  in  turn,  reduce  the  responsiveness  of  the  insulin  receptors  in  the 
musculature and thereby attenuate the insulin signaling cascade [44–46]. 
In addition to overweight and obesity, physical inactivity is one of the most important modifiable 
risk  factors  for  type  2  diabetes  and  has  been  reported  to  contribute  independently  of  and 
especially  in  combination with obesity  to  the development  and  further progression of  type 2 
diabetes [17,27,47]. The role of physical inactivity in the development and progression of type 2 





Type  2  diabetes  is  associated  with  numerous  comorbidities  and  complications  such  as 
hypertension, dyslipidemia, cardiovascular disease (CVD), and microvascular disease that affect 
the vast majority of all patients throughout the course of the disease, especially when no adequate 
treatment  is  pursued.  As  shown  by  the  National  Health  and  Nutrition  Examination  Survey 
(NHANES),  only  14%  of  patients with  type  2  diabetes  are  not  affected  by  any  other medical 
condition [59], often due to  lack of treatment. Adequate therapy, on the other hand, has been 



















lipid  abnormalities  [59].  The  multifactorial  features  of  dyslipidemia  in  type  2  diabetes  are 
characteristically a high concentration of plasma triglycerides, a reduced concentration of high‐
density lipoprotein (HDL) cholesterol, and an increased concentration of low‐density lipoprotein 













times  higher  in  diabetic  men  compared  to  those  without  diabetes  [35,69].  In  addition  to 
macrovascular  complications,  microvascular  comorbidities  such  as  diabetic  nephropathy, 
neuropathy, and retinopathy are highly prevalent among  individuals with type 2 diabetes [11]. 
Diabetic hyperglycemia induces pathognomonic alterations in the microvasculature, specifically a 
thickening of  the  capillary basement membrane and of  the arterioles  in  the glomeruli,  retina, 
myocardium, skin, and muscle that lead to the development of diabetic microangiopathy [70,71]. 


















risk  compared  to  those  without  renal  complications  [78].  Diabetic  nephropathy  is  further 
associated with diabetic retinopathy as well as with macrovascular complications [71].  
Diabetic neuropathy  involves both peripheral and autonomous nerve dysfunctions and  is,  like 
other microvascular  complications,  proportional  to  both  the magnitude  and  duration  of  the 
hyperglycemic condition [70,71]. Peripheral neuropathies can emerge as sensory, focal/multifocal 
or  autonomic  neuropathies  and  have  been  shown  to  dramatically  increase  the  risk  of  lower 
extremity amputation  following  infected, non‐healing  foot ulcers  [79]. Rates of amputation  in 









[85].  Fatigue,  a  condition  characterized  by  disabling  tiredness,  is  a  frequent  and  persistent 
symptom  in people with type 2 diabetes that hinders the ability to perform daily activities and 
consequently has a significant  impact on quality of  life  (QoL)  [83,84]. Although  the etiology of 
















by  diabetes  and  another  2.2 million  deaths were  attributable  to  high  blood  glucose  [9].  The 
magnitude of  the excess mortality  risk among  type 2 diabetes patients varies greatly between 


























parts of  treatment  costs  in  these  countries have  to be paid out‐of‐pocket,  the  large  financial 
burden  affects patients  and  their  families directly  and has  an  immediate effect on  treatment 
utilization and adherence  [91]. The projected  increase  in  the global diabetes prevalence  (55% 
globally  and  over  100%  in  low‐income  countries)  in  the  next  25  years  [10,26]  will  lead  to 








Physical  inactivity  is  one  of  the most  prevalent  and most  important  independent  risk  factors 
associated with type 2 diabetes [12]. Forty percent of adults with type 2 diabetes show high levels 
of physical  inactivity, which  is defined as getting  less  than 10 minutes a week of moderate or 





of all‐cause mortality  [100]. This makes  the  impact of physical  inactivity comparable to  that of 
smoking [97,100], an established risk factor for all‐cause mortality. Particularly TV viewing [101–
105], sitting at work [106], and total sitting time [107] have been shown to be associated with an 




engage  in physical  activity  than  those without diabetes  [15],  and when  compared with other 
significant  predictors  of  physical  inactivity,  such  as  lower  level  of  education,  higher  HbA1c, 
peripheral pain, higher BMI [109], and depressive symptoms [110], previous physical inactivity is 
the  strongest  (odds  ratio  3.27)  predictor  for  continuing  inactivity  in  type  2  diabetes  [109], 
underlining how pervasive and distinctly difficult to treat physical inactivity is in this population. 
It has been hypothesized that obesity, highly prevalent among individuals with type 2 diabetes, 


















and has been found to be most pronounced  in the  lower  limb [115]. Although men are usually 








progression of muscle wasting  in diabetes and obesity  [119,120] and  it  seems  that  these  two 
factors are mutually dependent. Inactivity‐related sarcopenia and concurrent excess fat in obese 
individuals  lead  to  shifted  proportions  of myocyte  and  adipocyte  insulin  receptors  with  the 
consequence  of  a  decreased  efficiency  of  insulin‐induced  glucose  uptake.  Insulin  acting  on 
adipocyte receptors induces about 50% less glucose uptake than a comparable interaction with 
myocyte receptors. As a result, in individuals with a disproportionate muscle/fat composition, any 
given  glucose  load  requires  an excessive amount of pancreatic  insulin  secretion  for  adequate 







is associated with a  low HbA1c and overall diabetes  incidence  [124]  that  is  independent of  the 
genetic  predisposition  [125].  This  is  likely  explained  by  the  fact  that  regular  aerobic  exercise 
improves  insulin sensitivity via an  increased expression of glucose transporter 4 (GLUT4)  in the 
skeletal muscle and a stimulation of its translocation to the cell membrane [126]. In addition to 
being physical  inactivity‐related, the reduced aerobic capacity  in type 2 diabetes  is caused by a 
disease‐related  impairment  to  recruit  skeletal  muscle  capillaries  [122]  and  by  an  impaired 
bioenergetics capacity of skeletal muscle mitochondria [127]. 
It has been estimated  that physical  inactivity causes 7% of  the burden of disease  from  type 2 
diabetes [97] with an estimated $18.3 billion attributable to type 2 diabetes patients not meeting 
physical  activity  guidelines  and  $4.65  billion  attributable  to  physical  inactivity  in  2012  [108]. 








There  is  discouraging  evidence  that  because  hyperglycemia  often  develops  gradually  and  is 
especially  in  the  earlier  stages  often  not  severe  enough  to  cause  any  of  the  typical  diabetes 
symptoms, many  at‐risk  patients  do  not  receive  adequate  testing  and  remain  consequently 
undiagnosed for several years [17]. In this regard, it is important to note that the choice of the 
diagnostic criterion can heavily influence whether or not diabetes is diagnosed [8]. Estimates of 
the proportion of undiagnosed diabetes  range  from 20% based on HbA1c  [130], 30% based on 
fasting plasma glucose [131] to 40‐60% based on OGTT [132] when only one criterion is used for 
diagnosis. On the other hand, the use of the OGTT in addition to fasting plasma glucose has been 







[133,134]. More or  less stringent glycemic targets may be appropriate for  individual patients  if 
achieved  without  significant  hypoglycemia  or  adverse  events  [17].  In  general,  treatment 
approaches should be individualized and should balance the benefits of glycemic control with the 
potential risks such as the patient’s age and health status and adverse effects of blood glucose‐
lowering medication  to ensure  a  successful  and  safe disease management  [133]. An effective 






An essential goal of diabetes prevention and management  is to  induce  lifestyle changes  in the 
patient, especially with  regard  to dietary and physical activity behavior  [14],  to  treat diabetes‐
related  risk  factors. Particularly a  reduction  in body  fat mass along with maintenance or even 
increase  in muscle quantity and quality are targeted to  improve  insulin resistance  [136].  It has 
been shown that lifestyle modifications such as a calorie‐restricted diet and exercise to promote 
body  fat  loss  reduce  the  risk of developing  type 2 diabetes  in patients with  impaired glucose 
tolerance by 58% [137], and that these beneficial effects are independent of ethnicity [137–140] 





















intake  for  adults with  type  2  diabetes,  even  those with  diabetic  nephropathy.  Generally,  an 
appropriate diet for diabetes management is rich in whole grains, fruits, vegetables, legumes, and 
nuts and mostly avoids  refined grains,  red/processed meats,  sugar‐sweetened beverages, and 
alcohol consumption [145]. 
In  addition  to  dietary  changes,  physical  activity  is  a  key  element  in  the  prevention  and 
management of  type 2 diabetes  that can help create a caloric deficit  to aid  fat  reduction and 
improve  insulin resistance. Participation  in regular physical activity  is well known to prevent or 








effects,  to  be  weight‐neutral,  and  to  be  potentially  beneficial  with  regard  to  cardiovascular 
outcomes [133]. If patients are unlikely to attain their glycemic targets using monotherapy or if 
HbA1c is ≥9%, a combination of metformin and one or more of the following second‐line agents 
are prescribed: sulfonylurea,  thiazolidinedione  (TZD), dipeptidyl peptidase 4  (DPP‐4)  inhibitors, 
sodium‐glucose  cotransporter  2  (SGLT2)  inhibitors,  glucagon‐like  peptide  1  (GLP‐1)  receptor 
agonist, or basal insulin [133]. Because insulin may be effective in providing glycemic control even 







and  drug‐specific  characteristics,  should  directly  involve  the  patient  in  the  decision‐making 
process,  and  should  include  frequent  counseling  sessions  to  ensure  the  highest  possible 
effectiveness and lowest risk for adverse effects [133,154]. In cases of severe obesity and those 
patients  with  an  inability  to  attain  glycemic  targets  despite  extensive  drug  treatment, 











[153]. Effects of physical  activity  include  increased	 insulin‐independent and  insulin‐dependent 






muscle  glycogen,  and  glucose.  Particularly  higher  exercise  intensities  elicit  an  increased 
metabolization  of  carbohydrates  [153,158],  and  a  long  exercise  duration  with  increasingly 
depleted glycogen stores leads to an up‐regulation of blood glucose uptake and utilization along 
with an increased release of FFAs from adipose tissue [153]. Despite an impaired insulin action, 
the  exercise‐induced  increases  in  carbohydrate  oxidation  are  somewhat  preserved  in  type  2 
diabetes  and  contribute  along  with  the  exercise‐induced  increases  in  fat  oxidation  to  an 
augmented glycemic control and a reduction of adipose tissue [157]. During exercise, muscular 
contractions trigger GLUT4 translocation to the cell membrane through 5′‐AMP‐activated kinase 











using exogenous  insulin  is very  small  [153].  In addition  to  the  insulin‐independent  increase  in 
glucose  uptake  and  subject  to  the  severity  of  insulin  resistance,  insulin  action  is  also  acutely 
enhanced by physical activity [159,160]. The enhancement in systemic insulin action is believed to 
be  caused  by  adaptations  in muscle  insulin  signaling,  GLUT4  expression  and  action,  and  an 
associated improvement in insulin‐stimulated glucose uptake [162] that persists even longer post‐









with  regard  to  diabetes‐related  comorbidities  such  as  hypertension.  In  general,  the  exercise‐









Reductions  of  sedentary  behavior  combined with  increases  in  unstructured  physical  activity, 
applicable  to patients’ daily  life and home environment, can be  initial measures and potential 
stepping‐stones towards more structured exercise in inactive individuals with type 2 diabetes who 
are  unable  or  unwilling  to  participate  in  regular physical  activity  [13].  Interrupting  prolonged 
sitting by brief bouts (2‐5 minutes) of standing [167] or light‐ to moderate‐intensity walking every 
20‐30 minutes [167–169] has been shown to lead to improvements in glycemic control in inactive 
individuals with  an  impaired  glucose  regulation  that  are  persistent  for  up  to  22  hours  [170]. 
Alternating 30‐minute bouts of standing and sitting [171], as well as standing during desk‐based 










type  2  diabetes  [173,174].  Activities  of  daily  life  have  further  been  associated with  a  lower 
mortality risk in a population with chronic kidney disease [175], suggesting a potentially beneficial 
effect  on  disease  outcome.  Although  the  longer‐term  health  benefits  of  briefly  interrupting 
sedentary  time  remain  to  be  conclusively  determined,  non‐exercise  activity with  its  reported 
benefits  of  (acutely)  improving  glycemic  control  should  be  encouraged  among  unmotivated, 
inactive  individuals  with  type  2  diabetes  due  to  their  low‐threshold  character  and  easy 
implementation into the daily routine [13,176]. Future studies are needed to examine the clinical 





have a  lower  threshold  than many other  forms of physical activity. Promoting walking such as 
habitual active transport may be a promising approach to increase daily physical activity among 
those who are unmotivated to participate in structured exercise. Prospective data of a population 




39%  lower all‐cause mortality  rate and a 34%  lower CVD mortality  rate  to 2 hours or more of 
unstructured walking per week  in otherwise  low‐active  individuals with  type 2 diabetes  [178]. 
Further, in a prospective study involving >9,000 individuals from 40 countries, a 2000‐step per day 
increase in daily life over 12 months was associated with an 8% lower cardiovascular event rate 
[179].  These  observational  results  strengthen  the  evidence  for  promoting  daily‐life  walking, 
especially because changes  in ambulatory activity were assessed objectively using pedometers 
instead of questionnaires, which are known to have poor validity [180]. In this context, it has been 
suggested  by  very  recent  findings  from  cross‐sectional  and  prospective  studies  that  physical 
activity  episodes  of  any  length,  even  those  shorter  than  the  previously  proclaimed minimum 





















be achieved even without weight  loss  [192]. As shown by  the  results of a meta‐analysis of 21 
randomized  controlled  trials,  HbA1C  improvements  that  can  typically  be  expected  following 
aerobic exercise interventions of ≥8 weeks of duration are around 0.6 percentage points [193]. 
The  magnitude  of  these  improvements  is  comparable  to  those  of  drug  monotherapy  with 
decreases  of  0.5‐1.25  percentage  points  depending  on  the  antidiabetic  agent  [194,195]  and 








recommended  75 minutes  of  vigorous  physical  activity  [13]  (see  1.3.5). While  some  studies 
suggest  superiority  of  high‐intensity  exercise  [197,201],  to  date  it  has  not  been  conclusively 
evaluated  whether  higher  intensities  yield  greater  improvements  in  insulin  sensitivity  than 
moderate intensities [174], and studies that controlled for exercise volume by compensating lower 
intensities with  longer duration  found no  additional benefit  for HbA1c  following high‐intensity 
endurance training [202,203].  If the potentially time‐efficient high‐intensity exercise strategy  is 
pursued, patients with type 2 diabetes are advised to get pre‐exercise medical clearance even if it 
would  normally  not  be  required  before  engaging  in moderate‐intensity  physical  activity  [13]. 
Before  designing  high‐intensity  workouts  for  persistently  inactive  individuals,  the  potentially 






































activity  per  day  have  been  shown  to  significantly  reduce mortality  risk  by  14%  compared  to 




Beyond  the distinct health benefits of structured exercise,  lifestyle  interventions with a strong 
physical activity component can reduce diabetes‐related and all‐cause health care services, such 
as  hospitalizations,  outpatient  services,  and  use  of  prescription  medication  and  thereby 







Based on  the existing evidence of  the effectiveness of different physical  activity  and exercise 
modalities  in  individuals  with  type  2  diabetes,  several  international  physical  activity 












may  be  a  sufficient  alternative  for  younger  and  more  physically  fit  individuals  if  no 













• Ideally,  both  aerobic  and  resistance  exercise  training  should  be  performed  for  optimal 
glycemic and health outcomes and engagement in 2‐3 weekly sessions of resistance exercise 
on nonconsecutive days  is  recommended  [13,133,222–227]. Exercises should  involve  the 
major muscle groups with an initially recommended moderate intensity of 50–69% of the 
one  repetition maximum  [228]  and  one  set  of  10‐15  repetitions  per  exercise.  Heavier 
resistance (70‐84% of one repetition maximum [228]) with more sets and 8‐10 repetitions 
















When  designing  physical  activity  programs  for  individual  patients,  the  proclaimed 
recommendations are meant to provide guidance but should be tailored to the individual’s current 
activity  level, potential health  restrictions,  and personal  interests  [227].  Selecting  appropriate 
volumes and modalities of physical activity  for  individual patients  is challenging but extremely 














rates  as high  as 50%  and disappointing  long‐term outcomes  [135,235].  Identifying barriers  to 
regular physical activity, as well as  finding  strategies  to overcome  these barriers and  improve 
patients’ physical activity adherence,  is a major  research challenge but crucial  for a successful 
long‐term diabetes management.  
1.4.1 Barriers to Regular Physical Activity 









hypoglycemia or  fear of  injury or cardiovascular complications often keep patients with  type 2 
diabetes from being regularly active [236,241,243]. Additional factors that can influence physical 
activity participation include psychological problems such as fatigue and depression [243], lack of 

























economical  [251].  It has been  shown  that  structured behavioral  interventions can  significantly 
increase physical activity in adults with type 2 diabetes [252] and sustainably reduce HbA1c over 
24 months [253]. In addition, programs that target behavior change have been shown to be more 
effective  in  improving  glycemic  control  in  adults  with  long‐duration  diabetes  than  the  non‐
behavioral control intervention [254]. 
When designing behavior  change  interventions, a  systematic method  is  required  that aims  to 






the  internal  (psychological  and  physical)  and  external  (immediate  environment) mechanisms 
involved in the change of a particular behavior in a given context and a given population [249,250]. 










on  past  success,  (2)  barrier  identification/problem‐solving,  (3)  use  of  follow‐up  prompts,  (4) 
providing  information  on  where/when  to  perform  the  physical  activity  behavior,  and  (5) 










the  components  of  the  behavior  system  [249].  It  is  therefore  absolutely  essential  that  those 





















diabetes  [261],  whereas  using  daily  step  goals,  even  when  self‐selected,  is  predictive  of  an 
increased physical activity adherence [262]. While a general dose‐response association between 
accelerometer‐based physical activity variables and HbA1c has been reported [188], it is important 
to note that  increases  in daily steps are not always accompanied by  improvements  in glycemic 
control [261,262]. Even the positive activity‐based  findings  for pedometers/accelerometers are 
not  universal,  and  older  adults  (>60  years),  especially,  seem  to  benefit  less  from  their  use 
[251,257].  It  is not  that these devices are  ineffective to support behavior change  in this target 
group per se, rather that certain target groups require greater additional support to use them as 
effective self‐monitoring tools, highlighting the  importance of  incorporating adequate behavior 
change  techniques  into physical  activity‐promoting  interventions  [251]. The  results of  a  study 








such as  individualized goal‐setting, prompts/cues,  rewards, and  focus on past success  that are 
typically used  in clinical behavioral  interventions  [264].  It has been  shown  that participants of 
various ages respond favorably to physical activity‐promoting smartphone apps [265] and that the 
combination  of  a  smartphone‐based  pedometer  app  with  an  automated  and  personalized 
feedback through short messages yields superior reductions in HbA1c compared to the standard 
pedometer app without personalized  feedback [266].  It has been suggested  in this regard that 













In  addition  to  the  extended  reach  and  the motivating  character  of many  technology‐based 
programs,  their  potential  to  make  the  delivery  of  behavior  change‐based  physical  activity 
interventions  more  affordable  increases  their  potential  for  public  health  impact  [268]. 
Conventional  lifestyle programs have been shown to be principally cost‐effective  in preventing 




more  economical  than  conventional  programs  [268,273].  After  initial  production  costs, 
technology‐delivered  interventions  save  costs  related  to  study  personnel  and  use  of  exercise 
facilities and likely become progressively cost‐effective with increasing dissemination [268]. 
Despite the predominantly positive findings and the suggested economic viability, more research 
is  needed  to  evaluate  the  long‐term  efficacy  and  efficiency  of  modern  technologies  in  the 
prevention and  treatment of  type 2 diabetes  conclusively and  to determine which  individuals 
benefit most from which technological approach and in which context. The greatest challenge for 
designers  of  health  tracking  technologies  continues  to  be  gaining  and  especially  holding  the 
attention of those who are  inactive and not concerned or even curious about their own health 
(data)  and  to  encourage  them  to become more  sustainably  active  [16]. To promote behavior 




increase  self‐efficacy)  [16].  For  individuals who  remain  unmotivated  and  for whom  personal 
informatics applications are not able to elicit the required changes in physical activity behavior, 





motivated  through  conventional  physical  activity‐promoting  interventions  or  even  personal 
informatics by  itself  [16,274,275]. The gamified approach aims at making personal health and 
physical activity  information a motivating and meaningful experience by turning specific health 
problems  (i.e.,  physical  inactivity)  into  challenges  that  are  enjoyable  to  solve  and  lower  the 
subjectively  perceived  cost  of  physical  activity  [16,276].  Rather  than  trying  to  convince  the 
individual  of  the  benefits  of  a  physically  active  lifestyle,  well‐designed  gamified  approaches 






Game designs  that manage  to  increase players’ physical  activity‐related  self‐efficacy  and help 
them  discover  the  enjoyment  of  physical  activity,  have  the  potential  to  support  long‐term 
behavior change beyond the use of the game [16]. 
It has been estimated that 60% of Americans play some type of video game and that 70% of players 
are  adults  (26%  50+  years)  [277].  Even  though  the  prevalence  and  demographics  of  playing 
exergames have not been sufficiently studied per se, sales  figures  indicate a broad and  lasting 
appeal [268]. Exergames come in many different forms: motion‐controlled console games (e.g., 
Nintendo Wii or Xbox Kinect) that include hand‐held accelerometer controllers, floor‐based mats 
or boards, and cameras  that evaluate  full‐body movement or mobile smartphone games  (e.g., 
Pokémon GO) that typically use GPS and built‐in accelerometers to track the player’s movement 
[268].  
Numerous  reviews  have  evaluated  the  effectiveness  of  console‐based  exergames  in  different 
target  groups  and  have  found  predominantly  promising  results  in  laboratory  studies 
[1,268,278,279]. Chapter 3, a systematic review that led to the first publication [1] of this Ph.D. 









[1], but  those  that did  suggest promising  results.  In a proof‐of‐concept  study  (Chapter 4),  the 
suitability of selected Nintendo Wii Fit game modes to elicit effective exercise intensities in older 
adults with  type 2 diabetes was demonstrated  [2]. A  recent  feasibility  study provided  further 
preliminary evidence that four weeks of Nintendo Wii exergaming can increase overall physical 
activity, leg strength, and walking capacity [287], and a 12‐week intervention found improvements 
in  HbA1c,  fasting  glucose,  self‐reported  physical  activity,  and  diabetes‐dependent  impairment 
following regular Nintendo Wii [288], suggesting a general benefit of exergame use in adults with 
type  2  diabetes.  While  exergame  interventions  have  generally  shown  positive  effects,  it  is 
noteworthy that the broad dissemination of exergames is not without distinctive hurdles [259]. 
First, game development is a cost‐ and time‐intensive process especially when complex designs 










efficient.  In  addition,  the mobile  approach  offers  a  better  everyday  life  fit  compared  to  the 





















game  feedback  and  rewards  can  reinforce  and  enhance player’s  physical  activity‐related  self‐






behavior  change,  it  is essential  that exergames and  gamified  systems  include  a wide array of 
behavior change techniques that cater for the needs of the individual user and collectively target 
the same outcome, so that deviations of the intended behavior (e.g., cheating to achieve rewards) 
can be avoided or at  least reduced and the target behavior refocused.  It  is encouraging that a 
systematic  review  of  behavior  change  techniques  in  smartphone  apps  found  a median  of  14 
techniques in each smartphone game as it shows that app developers aim to incorporate these 










However,  because  the  relationship  between  the  behavior  change  technique  content  of  an 
intervention  and  the  resulting  health  behavior  change  is  not  simple  [292],  further  research 
isolating  the  impact  of  behavior  change  technique‐based  gamification  (e.g.,  randomized 
controlled  trials)  is  needed  to  determine  the  optimum  use  of  behavior  change  constructs  in 
smartphone games  in different target groups [259,290].  It has been noted  in this regard that a 
multidisciplinary collaboration between game developers, behavior change experts, and public 
health specialists should be pursued in the development of future gamified health apps to make 
them more effective  in targeting behavior change and especially  in  increasing physical activity‐
related intrinsic motivation [290]. 
In  this Ph.D. project,  following extensive preparatory  research, a novel  smartphone game was 





time  lifestyle counseling. Further,  it was hypothesized that the  increased daily physical activity 
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and  the Samsung Galaxy S6 Edge  (as  representatives  for  iOS and Android devices)  to measure 
steps during various walking conditions. 
The  Garmin  Vivofit  2  is  used  for  the  assessment  of  the  primary  outcome  in  the  24‐week 





and  improve glycemic control and aerobic capacity  in  inactive  individuals with  type 2 diabetes 
during a 24‐week randomized controlled trial. 
 













valid  for  step detection  in various walking conditions with constant as well as varying walking 
speeds. 
 
Hypothesis  3:  The  use  of  the  behavior  change  technique‐based  smartphone  game  is more 
effective  in  increasing daily physical activity  (measured as steps per day)  in  inactive  individuals 
with  type 2 diabetes after 24 weeks  than a control condition consisting of a one‐time  lifestyle 
counseling. 
 
Hypothesis  4:  The  use  of  the  behavior  change  technique‐based  smartphone  game  is more 
effective  in  improving glycemic control  (measured as HbA1c)  in  inactive  individuals with  type 2 
diabetes after 24 weeks than a control condition consisting of a one‐time lifestyle counseling. 
 
Hypothesis  5:  The  use  of  the  behavior  change  technique‐based  smartphone  game  is more 
effective  in  improving  aerobic  capacity  (measured  as  oxygen  uptake  at  the  first  ventilatory 
threshold)  in  inactive  individuals with  type 2 diabetes after 24 weeks  than a control condition 
consisting of a one‐time lifestyle counseling. 
 
Hypothesis  6:  The  use  of  the  behavior  change  technique‐based  smartphone  game  is more 
effective in improving intrinsic physical activity motivation (assessed with the Intrinsic Motivation 
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Abstract
Background: Exergaming is a novel approach to increase motivation for regular physical activity (PA) among sedentary
individuals such as patients with type 2 diabetes mellitus (T2DM). Because existing exergames do not offer fitness-level
adjusted, individualized workouts and are normally stationary (TV bound), thus not enabling PA anywhere and at any time,
we developed a smartphone-based, game-like software application (MOBIGAME) specifically designed for middle-aged
T2DM patients to induce a healthier, more active lifestyle as part of successful T2DM treatment and management. In a
randomized controlled trial we aim to examine whether our smartphone-based game application can lead to increases in
daily PA in T2DM patients that are persistent in the mid to long term and whether these increases are greater than those
in a control group.
Methods: This study is designed as a randomized controlled trial. We plan to recruit a total of 42 T2DM patients
[45-70 years, body mass index (BMI) ≥25 kg/m2, low daily PA, regular smartphone use].
The experimental intervention (duration 24 weeks) includes individualized multidimensional home-based exercise and daily
PA promotion administered through MOBIGAME. The control intervention consists of a one-time standard lifestyle
counseling including the promotion of baseline activities.
The primary outcome is daily PA measured as steps per day. Secondary outcome is exercise adherence measured via the
usage data from the participants’ smartphones (experimental intervention) and as self-recorded exercise log entries
(control intervention).
We will test the hypothesis that there will be differences between the experimental and control group with respect to
post-interventional daily PA (as well as all other outcomes) using analysis of covariance. For each analysis, an estimate
(with 95% confidence interval) of the difference in outcome between both groups will be reported.
Discussion: This research will investigate the effectiveness of a novel smartphone-based, game-like software application to
be used as a way to promote regular daily PA among inactive T2DM patients. The results of this trial may have important
implications for future PA-promoting interventions and provide relevant information for the general transferability of such
applications to be used as part of the treatment in other chronic diseases.
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Background
Overweight and Type 2 Diabetes mellitus—defining the
target group
Overweight and obesity have become a global public
health issue over the past decades reaching worldwide
prevalences of 39% (overweight) and 13% (obesity) in
2014 and thereby having more than doubled since 1980
[1]. Along with these increases, type 2 diabetes mellitus
(T2DM), a common comorbidity of overweight and
obesity, has also seen dramatic increases in prevalence.
In 2012, 9.3% of the US population was diagnosed with
T2DM and 27.5% with prediabetes, the precursor stage
to T2DM [2]. The direct and indirect medical costs
accrued by patients with T2DM in the US in 2012
accounted for an estimated $245 billion, while people
diagnosed with diabetes created 2.3 times higher average
medical expenditures than people without diabetes,
underlining the enormous financial burden that is
caused by this disease.
Both obesity and T2DM are associated with a high level
of inactivity [3, 4] that aggravates the physical and mental
health status and constitutes a crucial factor in the devel-
opment of several comorbidities such as hypertension,
dyslipidemia, cardiovascular disease, and kidney and nerve
disease [2]. In 2008, 9% of all premature deaths worldwide
were attributed to physical inactivity, making its impact
comparable to that of smoking, an established risk factor
[5]. Physical inactivity is furthermore responsible for 7% of
the burden of disease from T2DM [5], and it has been
shown that decreased maximum oxygen consumption
(VO2max) is among the earliest indicators of insulin resist-
ance and T2DM [6], thus representing an important risk
factor for disease progression. It has further been shown
that participation in regular physical activity (PA)
improves blood glucose control [7, 8] and can prevent or
delay onset of T2DM [9–12] and its comorbidities [13,
14]. Individuals who engage in regular PA, such as the
American College of Sports Medicine (ACSM) recom-
mended 30 min of brisk walking on 5 days per week, have
a 30% lower risk of developing T2DM as compared to
sedentary individuals [13, 15]. In individuals with T2DM,
increased glucose uptake into active muscles during
exercise as well as acute improvements in systemic insulin
action lasting from 2 to 72 h post exercise have been
reported [13]. Chronic effects of both aerobic and resist-
ance training include improvements in insulin action,
blood glucose control and fat oxidation [13].
In addition to the T2DM-induced impairments in the
individual’s glucose metabolism, severe decreases of skel-
etal muscle mass have been reported in older adults with
T2DM, demonstrating the negative effects of the disease
on body composition [16–18]. These losses of muscle
mass are most profound in the extremities and especially
in the lower limbs, while they are independent of body
weight change over time [16]. In general, the loss of
muscle mass is paralleled by significant decreases in
muscle strength [19]. However, a 50% more rapid
decline in the knee extensor strength was found in older
adults with T2DM compared to non-diabetics of the
same age even after controlling for losses of leg muscle
mass [19]. This indicates a more rapid decline in muscle
quality, suggesting that T2DM may result in impair-
ments in muscular function of the lower extremities as
well, not necessarily accompanied by a loss of muscle
mass [19]. In addition to reduced levels of muscle
strength, patients with T2DM often show reduced levels
of aerobic exercise capacity due to an impaired recruit-
ment of skeletal muscle capillaries [20] and an impaired
bioenergetics capacity of skeletal muscle mitochondria
[21]. In patients with poor disease management and
existing microvascular complications, these impairments
are even further increased and significantly add to the
cardiovascular risk [22]. Factors such as reduced muscle
strength, decreased aerobic capacity and rapid accumu-
lation of lactate during exercise as a result of the
impaired muscle energetics might also be responsible for
early muscle exhaustion, lower exercise tolerance and
fatigue in T2DM [23]. Especially peripheral fatigue of
the skeletal muscles, which arises from a combination of
neurological, musculoskeletal and metabolic changes,
such as reductions in glycogen stores, reduced oxygen
consumption during activity and changes in muscle fi-
bers induced by physical inactivity and aging, are of
great importance in T2DM [23]. Fatigue has far-reaching
and serious consequences for patients with T2DM as it
interferes with self-reported quality of life [24] and dia-
betes self-management [23, 24]. Fatigue further leads to
greater physical inactivity [25] and thus further facilitates
muscle atrophy and declines in muscle strength espe-
cially in the lower limbs [16–20]. Reduced muscle qual-
ity and lower aerobic capacity subsequently amplify
fatigue with all of its physiological and psychological
ramifications [23], ultimately resulting in a vicious cycle
that needs to be broken since the effects of regular PA
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in T2DM are very promising [7–15], especially since in-
creases in muscle mass of the lower limbs are crucial for
improvements in insulin sensitivity and thus successful
T2DM management [26].
Exergaming as a motivating way to increase exercise
adherence—reaching the target group
For any PA-promoting lifestyle intervention to be effective,
motivation to start and adhere to the lifestyle changes is
crucial. As explained before, T2DM patients usually show
very low levels of PA [4]. Lack of motivation, missing
social support and disease-related implications such as
fatigue or pain are the main reasons why patients with
T2DM cease to participate in PA promoting programs
[27]. Exergames, the coupling of PA and video gaming,
offer an enjoyable and promising new approach to increase
PA in individuals that are among the least likely to engage
in regular PA [28, 29]. It has been shown that these games
can enhance health-related learning and even behavior
change [28] because they are experiential and interactive
and immerse the player in worlds that offer compelling
challenges and immediate progress feedback, ultimately
leading to improved diabetes self-management and better
health outcomes [28, 30]. The Nintendo Wii Fit™ Plus
exergame has been shown to motivate elderly patients
with T2DM to engage in increased voluntary and regular
PA and consequently improve long-term blood glucose
control (HbA1c), body composition and quality of life [31].
It has also been demonstrated that exergames such as
“Dance Dance Revolution”meet vigorous PA requirements
for improving or maintaining physical fitness in a wide
range of adults [32]. In a previous study with T2DM
patients [33], we were able to show that selected Nintendo
Wii Fit™ Plus exercises (Boxing, Obstacle Course and
Cycle Island, played for bouts of 10 min each) bear the
potential to produce exercise intensities that correspond
to moderate-intensity PA [67-70% of the maximum heart
rate (HRmax) and a mean oxygen consumption (VO2mean)
of 40% of the peak oxygen consumption (VO2peak) previ-
ously established in an all-out treadmill test]. A moderate
to strong correlation between treadmill VO2peak and both
exergame VO2peak and exergame VO2mean in the same
study indicated that subjects with a higher fitness level
were able to exercise at a higher intensity during exergame
play than individuals with a lower fitness level. These re-
sults suggest that carefully selected Wii Fit™ Plus game
modes can potentially induce health benefits similar to
common aerobic exercise and would thus be able to help
improve the glucose metabolism and reduce the risk of
premature all-cause as well as cardiorespiratory mortality
in T2DM patients.
In a systematic review [34] it has further been shown,
however, that the current state of research in this field con-
tains significant research gaps. The true effectiveness of the
currently available exergames in regard to changes in
objectively measured intensity parameters of PA [i.e., VO2,
energy expenditure, metabolic equivalent (MET), heart rate
or activity counts] remained unclear as a result of the
vastly differing study designs and greatly varying exergame
expositions used in the respective studies. It was further
noted that future exergame interventions will need to be
conducted in a home-based setting rather than in the
laboratory to fit into and be part of one’s daily routine. This
is necessary to truly examine the suitability of exergames
to promote daily PA. In addition it was pointed out that
future exergames would only be able to contribute to a
healthier, more active lifestyle if they keep players moti-
vated in the long term. This lasting motivation is especially
important among a target group that is likely to be seden-
tary, such as that of T2DM patients who usually do not
show a lot of intrinsic motivation to be physically active
[34]. At the same time, future exergames, unlike the
currently available exergames, need to feature game modes
with a minimum duration of 10 min, as suggested by
current guidelines [35], and an exercise intensity that cor-
responds to moderate PA [35] to be able to offer effective
workout alternatives for the target group of T2DM patients
[34]. To meet the different fitness levels of the different
players, future exergame designs should further offer more
tailored intensity levels and a more individualized intensity
progression than the currently available exergames do.
Development of the MOBIGAME application
To address the shortcomings of existing exergames we—a
group of researchers at different universities, from the
fields of sports medicine and (serious) game as well as
behavioral design, in collaboration with a long-standing,
commercial serious game development studio—developed
a mobile smartphone-based, game-like software applica-
tion and platform (MOBIGAME) specifically designed for
the needs of T2DM patients and those at risk of develop-
ing T2DM, with the goal to induce a healthier, more active
lifestyle in the target group.
The use of smartphones and mobile apps especially
among middle and older age groups has grown exponen-
tially in the past years [36] with 50% of casual gamers being
between 35-64 years [37]. These age groups are also dispro-
portionately impacted by chronic diseases; 60% of adults
aged 50-64 years have at least one chronic condition [37]
such as obesity and T2DM [2]. Using these technologies to
provide tools for diabetes prevention and management is
timely and offers a cost-effective opportunity to directly
reach a larger segment of the target population than trad-
itional diabetes prevention programs. At the same time,
smartphones’ integrated sensors and actuators as well as
wearable sensor devices enable personalized diabetes pre-
vention and can thereby significantly improve sustainability
and dissemination of such intervention programs [38].
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It has been shown [38] that the replacement of the
group sessions in a diabetes prevention intervention by a
mobile app in combination with in-person sessions,
focusing on lifestyle-enhancing personal skills, is able to
induce increases in daily PA of up to 3100 steps per day
in an 8-week period compared with baseline. Even after
20 weeks daily PA remained elevated at approximately
2500 steps per day over baseline. It is noteworthy, how-
ever, that after the peak in daily PA at week 8, mean
daily steps continuously decreased until the end of the
intervention while this decline was paralleled by a like-
wise continuous decrease in adherence to the mobile
app [38]. Adherence decreased almost linearly from 85%
at week 1 to 40% at week 20. There is good reason to
believe that this decline in adherence influenced the
amount of daily PA negatively. In fact, it is possible that
adherence levels would have been higher and more per-
sistent in the study population of T2DM patients if a
more game-like and thus more enjoyable approach had
been used.
The effectiveness of a smartphone-based gaming applica-
tion in increasing players’ daily PA is currently demon-
strated by the enormous success of Pokémon GO [39],
which attracted over 65 million users within the first week
of its launch [40]. While this app undeniably leads to an at
least GPS-tracked increase in daily PA (since steps are not
measured, other ways to search for Pokémon, such as
driving, cannot be ruled out), it is missing fundamental
components to make it a safe exercise tool. First, some
public spaces designated for Pokémon use are simply
inappropriate or even dangerous. This has led to several ac-
cidents while playing Pokémon GO due to inattention to
surroundings while walking or even driving [40, 41], pre-
senting serious risks especially to the more vulnerable,
often easily distracted pediatric population [42]. Second, the
app does not take the player’s cardiorespiratory fitness or
possible health restrictions into account when placing Poké-
mon in the surrounding environment. Especially for low-
fitness players with chronic diseases, such as T2DM, the dis-
tances that need to be covered in order to find Pokémon
may cause an unhealthy physical overexertion in the short-
term and lead to overuse injuries in the long term.
Therefore, for it to be a safe exercise tool especially for
individuals with chronic diseases, an interactive smart-
phone game needs to feature a structured, guideline-
concordant and fitness-adjusted exercise intervention
that uses a variety of the device’s sensors to track and
further tailor the player’s PA. While safely promoting
regular physical activity as part of a lifestyle change, this
approach could help further reduce staff expenses com-
pared to interventions using in-person sessions [38] or
cognitive-behavioral telephone support sessions led by a
psychologist [43] while still ensuring an effective dia-
betes prevention and long-term treatment.
The MOBIGAME project sought to implement
evidence-based sports scientific knowledge into the produc-
tion of an entertaining and interactive mobile software
application that offers individualized and structured exer-
cise regimens and that can be played at home as well as on
the go. Special regard was paid to exercises that can be
tracked via the mobile phone’s sensors (camera, accelerom-
eter/pedometer, position sensor, noise recognition or Global
Positioning System, GPS) to design a clearly exercise-
oriented game that is challenging and also responds to an
individual player while including compliance, monitoring
and motivational aspects. A key component of the applica-
tion is the integration of exercise tests such as the 1-min
Sit-to-Stand Test (STS) [44] and the 6-Minute Walk Test
(6MWT) [45] to assess the exercise-related capabilities of
each individual user. In the application, these tests are used
as baseline measurements to assess the user’s fitness level
in a home-based setting and thereby make it possible to
build tailored exercise programs for each individual user,
even those with severely compromised fitness. Exercise reg-
imens integrated into the game application include strength
and endurance workouts as well as balance and flexibility
exercises and follow the ACSM and European Association
for Cardiovascular Prevention & Rehabilitation (EACPR)
principles of exercise training [46, 47]. Additionally, daily
PA is promoted and tracked via the user’s smartphone sen-
sors. Personalized daily (and weekly) step goals are set for
each user. The suitability of the developed strength exer-
cises including the different intensity/difficulty levels has
been evaluated in a qualitative user study (N = 12) with the
target group (unpublished data). In this user study, first the
baseline tests were conducted, and the individual fitness
levels were assessed using population-based reference
values [44]. Based on the results of the baseline tests, and
hence the fitness assessment of the participant, exercises
and respective difficulty levels were selected from a pool of
upper-limb, lower-limb, core and back exercises. The main
objective of the user study from the sports medical point of
view was to validate the categorization of the different
difficulty levels and to evaluate whether the exercises that
were selected based on the results of the STS were in fact
feasible for each participant and thus concurrent with our
fitness assessment. From the game and behavioral design's,
as well as from the game developers’ point of view, the
main objective of the user study was to assess the playabil-
ity of the game concept and the appeal to the target group.
The motivational approach chosen for MOBIGAME to
increase PA while obeying the abovementioned principles
follows the promotion of the players’ self-efficacy and spe-
cifically their personal mastery [48–50]. Rather than directly
targeting a particular behavior (i.e., increased PA), success-
ful exergames target mediators (i.e., self-efficacy), which, in
turn, affect the behavior and then the health outcome of
interest [51]. In this context, self-determination, namely (1)
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perceived competence (the player’s actions are responsible
for the success in the game), (2) perceived autonomy (the
player feels in charge of the own choices in the game) and
(3) relatedness (a sense of belonging or connection), has
repeatedly shown a strong relationship with the experience
of enjoyment as well as sustained engagement and lasting
behavior change in multiple domains [52, 53]. The enjoy-
ment arising in the context of the game experience supports
and facilitates the behavior change as it creates a positive
emotional state of playful enjoyment in which the player is
intrinsically motivated, meaning that the value of the experi-
ence is the experience itself, rather than the experience
being instrumental in achieving something else [52].
Through the use of MOBIGAME, the players will
further learn that their regular PA is directly responsible
for the achievements in the game and thus has an imme-
diate and noticeable impact [54]. The gameplay design
thus represents a kind of “reflection-on-action” approach
[55] in which the players’ motivation leads to adjustments
in real-life behaviors (i.e., walking more steps per day) in
response to events or incidents in the game’s story line.
As MOBIGAME uses sensor tracking to verify the exe-
cution and completion of workouts that requires a spe-
cific, sensor-dependent (camera, accelerometer or position
sensor) position of the device for each exercise, an actual
gamification of the exercises such as a visualization of the
execution on the phone’s screen is not feasible and the
adaption of the proposed movement-based game guide-
lines [56] not always possible. Since the screen of the aver-
age smartphone is rather small compared to a TV,
however, gamification of the exercises as used in trad-
itional exergames such as Nintendo Wii or Xbox Kinect
would also not present an acceptable option for use by
our target group. Therefore, the game guidelines [56] were
taken into account during the development of the game
design, but adapted to suit the idea of our mobile game
application. Embedding structured and individualized
strength and endurance workouts as well as promotion of
daily PA into the story line of a mobile phone-based game,
which uses self-efficacy as a key motivational aspect by
giving additional meaning to the player’s PA, offers a
promising and feasible solution to increase PA and to be
effective in the target group in the long term.
Main hypothesis
The experimental intervention (use of MOBIGAME) is
more effective for increasing daily PA measured as steps
per day than a control intervention after 24 weeks.
Methods
Study overview: target group, setting, design and
registration
The study targets patients with non-insulin-dependent
diabetes mellitus, 45-70 years of age, with a body mass
index (BMI) ≥25 kg/m2, who use a smartphone regularly
and show low and irregular daily PA. The study aims to
include a total of 42 German-speaking patients in the Basel
(Switzerland) metropolitan area. The setting of the inter-
vention is the patients’ everyday environment (home, work,
places of leisure time activities), where the MOBIGAME
application is used and the included exercises are carried
out. The study is a prospective randomized controlled trial
and has been registered with the US National Institute of
Health’s Protocol Registration and Results System (PRS) on
https://clinicaltrials.gov/(NCT02657018) as well as with
the Federal Office of Public Health’s (FOPH) portal for
human research in Switzerland on http://www.kofam.ch/
(SNCTP-number:SNCTP000001652). For a study flow
diagram, see Fig. 1. The SPIRIT checklist is provided as
Additional file 1. Scientific lead, study management and
coordination, patient information and recruitment in co-
operation with the Clinic of Endocrinology, Diabetes and
Metabolism of the University Hospital Basel, measure-
ments and statistical analyses are performed by the Depart-
ment of Sport, Exercise and Health of the University of
Basel.
Fig. 1 Study flow chart. T2DM, type 2 diabetes mellitus; BMI, body mass index; PA, physical activity
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Eligibility criteria
This study aims at tertiary prevention and therefore
patients have to be diagnosed with a manifest non-insulin-
dependent diabetes mellitus (doctor diagnosed) to be eli-
gible to participate. They further have to be overweight
(BMI ≥25 kg/m2), between 45 and 70 years of age, have
used a smartphone regularly during the last year before the
study and give their written informed consent. Because
questionnaires will be filled out as part of this study,
sufficient proficiency of German is required. Patients will
be excluded if any one of the following criteria is applicable:
▪ Impaired physical mobility (participants have to at
least be able to walk short distances indoors without
a walking aid and without help of another person).
▪ Regular PA before the study (≥150 min moderate
intensity daily PA per week or >1 endurance or
strength training session per week of more than
30 min in duration).
▪ Other clinically significant concomitant disease states
(e.g., renal failure, hepatic dysfunction, cardiovascular
disease, etc.).
▪ Inability to follow the procedures of the study, e.g.,
due to language problems, psychological disorders,
dementia, etc., of the participant.
▪ Resting systolic blood pressure >170 mmHg, resting
diastolic blood pressure >100 mmHg.
▪ Participation in other clinical studies in the last 4 weeks.
Experimental and control intervention
Overview
The duration of the intervention is 24 weeks. In the
experimental group the intervention consists of:
1. Individualized multidimensional (strength, endurance,
balance, flexibility) home-based exercise and daily PA
promotion administered through the use of
MOBIGAME following established PA guidelines
[47].
2. Consultations provided by a sports medical expert
via telephone, including personal attention and
instruction as well as technical support
In the control group the intervention consists of:
1. One-time lifestyle counseling (standard of care)
including the promotion of baseline activities of
daily life [57] as well as a structured exercise plan
including strength and endurance exercises with
moderately increasing intensity and duration,
essentially comparable to the content of
MOBIGAME, which is to be implemented
autonomously.
2. Consultations provided by a sports medical expert
via telephone, including personal attention and
instruction.
Common aspects for both groups
In both groups a sports medical expert will provide a given
number of personal exercise consultations on the telephone
(weeks 1 and 2) as well as a face-to-face consultation at
week 0, thus guaranteeing that the control group receives
the same number of consultations as the experimental
intervention group. For an overview of the study schedule,
see the Standard Protocol Items: Recommendations for
Interventional Trials (SPIRIT) schedule [58] (Fig. 2).
Experimental intervention details
The experimental intervention aims at improving partici-
pants’ motivation to exercise in the short and especially in
the mid to long run through the use of MOBIGAME and
thereby increasing daily PA. MOBIGAME features numer-
ous different exercises (see Table 1) and exercise regimens
including strength and endurance workouts as well as
balance and flexibility exercises (a total of over 130 exer-
cises) that concur with generally accepted PA guidelines
[46, 47]. The strength exercises span over a wide range of
different difficulty and intensity levels. Each exercise
contains up to 15 variants with up to 30 different levels re-
garding repetitions, bouts and duration for each variant.
All exercises are designed in a way that makes it possible
for players with any fitness level to gradually progress with
their workout routine while increasing workout intensities
at an individualized pace.
Endurance workouts include a wide variety of walking
exercises with different walking speeds and exercise
modalities as well as aerobic workouts (Table 1). Walking
exercises are to be conducted outdoors and include con-
tinuous trainings as well as interval trainings. Since the
6MWT speed is used as a reference, the proposed walking
speeds during the workouts are individually adjustable (e.g.,
70% of 6MWT speed). To prevent players from being
inattentive to their surroundings because of smartphone
distraction, walking exercises are not visualized on the
smartphone’s screen. Instead, players are advised to keep
the phone in their pocket throughout the exercise, which in
addition will guarantee a more accurate tracking of the
players’ step count during the exercise. Before the start of
each walking exercise, along with the exercise instruction,
the players are further advised to ensure a safe environment
that is suitable for the upcoming walking exercise. This
precaution in design is based on prior research on location-
based games that involve explorative, walking activities in
public space; it had been shown that there was a need to
focus the player’s attention away from the gaming device’s
screen during such gameplay situations to avoid dangerous
encounters [59]. Aerobics moves can be executed with or
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without arm movement, indoors as well as outdoors. The
combination of indoor and outdoor exercises in an exer-
game application is a novelty and offers a vast variety of dif-
ferent endurance workout opportunities to meet individual
exercise preferences. Instructional videos are available for
all exercises (strength, aerobics, balance and flexibility) to
ensure correct and safe execution. The algorithms for the
individualized exercise training are based on the ACSM
and EACPR principles of exercise training [46, 47] and sev-
eral exercise intervention studies in normal and overweight
subjects and patients [60–63]. The training progression in
the game is monitored through the repetition of the base-
line tests and subsequent adaptions in the exercise/intensity
selection. Specific test scores are linked to specific exercises
and difficulty levels, so that for example players with higher
scores in the STS will get a higher (entry) difficulty level for
a specific leg strength exercise than players with a lower
score. In addition to these adaptions, the user has the op-
tion to rate the intensity of each exercise upon its comple-
tion, directly affecting the intensity of the next workout.
The rating scale used is a simplified version of the 15-point
Borg Scale [64]. In simple terms, a rating of “too hard” will
Fig. 2 Schedule of enrollment, interventions and assessments according to the Standard Protocol Items: Recommendations for Interventional
Trials (SPIRIT). 6MWT, 6-Minute Walk Test; ECG, electrocardiogram; HRQOL, health-related quality of life; STS, Sit-to-Stand Test
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result in a lower difficulty/intensity level in the next work-
out; a rating of “too easy” will result in a higher difficulty/
intensity level in the next workout. Five consecutive ratings
of “just right” of the same exercise will result in the sugges-
tion of a higher intensity level in the next workout. The
combination of objective as well as subjective measures to
control the training progression was chosen to enable un-
biased feedback to the player through the repetition of the
baseline tests while keeping the player in control of the
game at all times, thereby facilitating the long-lasting enjoy-
ment and high levels of self-efficacy that are known to posi-
tively influence exercise adherence [49].
A key element of the story line of MOBIGAME is the
restoration of a garden. The garden used to be a beautiful
place until the Schweinehund came and destroyed it, caus-
ing all of the animals that used to live in the garden and
help maintain it to leave. In German, “innerer Schweine-
hund” (inner swine hound) is used as a self-depreciating
idiom denoting a form of lazy procrastination, usually of
the physical kind, that needs to be overcome to get yourself
going. The player’s task is now to help restore the garden
by planting trees and flowers and thereby attracting the ani-
mals to come back into the garden while at the same time
taming the Schweinehund. The garden as the main setting
was purposefully chosen as gardens and the activity of
gardening have been shown to be highly appealing to the
target group [65] and to be effective in reducing stress and
stress related-illness such as cardiovascular diseases, de-
pression, reduced immune function and chronic fatigue
[66]. In this regard, it has been shown that simply viewing a
green space through a window can relax people and reduce
stress levels [66, 67]. In our approach, the viewing of this
green space (i.e., the garden) occurs through the smart-
phone screen. Particularly the engagement in gardening
activities is very effective in alleviating stress and has been
shown to significantly decrease cortisol levels [68]. Research
has further shown that nurturing plants from seed to
maturity evokes feelings of curiosity, competence and
enjoyment, all of which contribute to successful stress man-
agement [69, 70]. While we are aware that artificial garden-
ing on a smartphone screen is not identical to an actual
gardening experience, the positive and de-stressing charac-
ter of this activity may still partially be transmitted to the
player The animals are humanized (walk upright, wear
clothes), always friendly and very likable and represent
typical human character traits. Some have even acquired
typical human vices such as laziness, sulkiness, contempt or
moodiness that the player can help them break by playing
the game regularly and thus being regularly physically
active. Every activity (in-app workouts as well as steps
walked during the day) is rewarded with water or building
materials needed to restore the garden. When designing
the game, close attention was paid to defined principles and
mechanisms such as the inclusion of rules, clear but
challenging goals, fantasy, progressive levels of difficulty,
interactivity, player control, uncertainty, feedback and a
social element [71, 72]. The game mechanics are further
anchored in the 40-item CALO-RE taxonomy of behavior
change techniques [73]. In this regard particularly “goal
setting,” “action planning” and “providing rewards contin-
gent on successful behavior” (i.e., the player sets the goal to
complete a super-challenge that requires regular activity on
several consecutive days in order to receive a special re-
ward), as well as “providing feedback on performance” (i.e.,
all of the player’s activity and achieved goals are recorded
and summarized in a general overview), are implemented
Table 1 Overview of exercises included in MOBIGAME
Category No. Exercise (no. of variants)
Strength 1 Hip/knee extension, dynamic (15)
2 Knee extension, static (3)
3 Leg lift, frontal/lateral (9)
4 Arm elevation (7)
5 Arm abduction (7)
6 Elbow extension/shoulder protraction (6)
7 Back extension, dynamic (6)
8 Upper back/shoulder extension, static (4)
9 Abdominals, static (5)









8 Leg curl (2)
9 Knee lift (2)
10 Front kick (2)




Flexibility 1 Chest/upper back (2)
2 Torso (1)
3 Neck (2)
4 Lateral torso (1)
5 Ischiocrural muscles (2)
Balance 1 Two-leg stand (5)
2 Tandem stand (5)
3 One-leg stand (5)
Data captured in bold indicates that all Aerobics exercises as well as the
two Walking exercises are sub-categories of the Endurance exercises
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in the game mechanics to help players integrate more PA
into their daily routines. “Environmental restructuring” is
used quite visibly in the main story line (restoring of the
garden) while at the same time and more subtly leading to
the development of exercise habits and routines (“prompt-
ing practice”) that are supported by the “use of follow-up
prompts” (i.e., reminder notifications). The players are en-
couraged to seek support from the humanized animals to
achieve their goals (“elicit social support”) and to keep the
Schweinehund away, as failing in doing so will interfere
with a successful garden restoration (“fear arousal”). As its
ability to provide (lasting) enjoyment is critical to the suc-
cess of any game, the focus was laid most importantly on
this specific factor [74]. While it has been pointed out that
for serious games the fun may only need to exceed its trad-
itional analog (health class, lectures from care providers,
etc.) to be considered successful [75], we aimed to create an
appealing exergame that players want to play because it
gives them pleasure by featuring just the right balance be-
tween fun and seriousness [51, 76]. Figures 3, 4, 5, 6, 7, 8
and 9 show screenshots of MOBIGAME to illustrate how
the gameplay and exercises work from the user perspective.
At the end of the baseline examination, MOBIGAME is
installed on the participants’ smartphones (Fig. 2). The par-
ticipants only receive very basic instructions on how to use
and control the app since MOBIGAME was designed to be
self-explanatory including a built-in tutorial that explains
all of the game’s features to the player at the appropriate
time. Participants further do not receive any instructions
on how often to use the app because this study seeks to
evaluate the motivating character of MOBIGAME by itself
and thereby its suitability to increase regular PA.
Control intervention details
The control intervention focuses on promoting daily PA
through a one-time lifestyle counseling, which will be
administered by a sports medical expert. All participants in
the control group receive a booklet containing information
on the benefits of regular PA for health, opportunities to
integrate more PA into the daily routine and illustrations of
recommended exercises and activities (comparable to the
exercises included in MOBIGAME) as well as 24 weekly
exercise logs [77] to check off completed workouts and
record additional activities. Increases in daily PA in the
control group are possible but are not expected to be of the
same extent or persistence as in the experimental group




Baseline data of participants are assessed during the re-
cruitment process and within the baseline assessment
(see Fig. 2). Demographic data (sex, age, socioeconomic
status, smoking status), anthropometric data (weight,
height, waist and hip circumference, body composition)
and resting blood pressure are assessed by a sports med-
ical expert. Medical history (including drug history and
concomitant medication) as well as allergies are assessed
during a general physical examination by a physician. PA
is assessed using the Freiburg Questionnaire of physical
activity [78] as part of the screening during recruitment.
Primary outcome
The primary outcome is daily PA measured as steps per day
after 24 weeks. It is assessed in a 1-week tracking period
during the week before the start of the intervention as well
as during the first week after the 24-week intervention using
a VivoFit 2 pedometer wristband (Garmin International
Inc., Olathe, KS, USA). The displays of the wristbands in
both groups will be irreversibly blackened out so that the
daily activity can only be viewed by the study personnel via
the wristband’s software and a motivating character of PA
feedback by the device can be ruled out.
Secondary outcome
Participants’ exercise behavior as well as patterns of
MOBIGAME use is analyzed in the intervention group via
the app’s usage log. The log can be accessed through each
participant’s smartphone to draw conclusions regarding
Fig. 3 Illustration of the gaming concept of MOBIGAME
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the sustainability of player motivation as well as exercise
adherence. The usage data will give information about
whether goals of daily PA as well as exercise goals are
met, how many workouts are completed, how many work-
outs are done voluntarily and what influence the sugges-
tions of specific workouts as well as the reminder to be
physically active have on players’ exercise behavior. The
usage data are further used to analyze which workouts are
preferably chosen, which are less popular and whether
MOBIGAME use can help players reach and maintain
150 min of moderate PA per week.
In the control group, adherence to the exercise regimen,
as suggested during the one-time lifestyle counseling, will
be self-recorded by the participants in 24 weekly exercise
logs (see above).
Further outcomes are described in detail in Additional
file 2.
Timeline
The duration of the entire MOBIGAME project is 50
months (January 2014 to February 2018). Development of
MOBIGAME was completed in February 2016. Recruitment
of participants started in January 2016 and is expected to
end in June 2017 (18 months). Examinations started in
August 2016. The last participant is expected to finish the
intervention in December 2017. Altogether, the period be-
tween “first patient in” and “last patient out” is 20 months.
Sample size
Determination of sample size was based on the primary
outcome. On the basis of a previous study [43] and our
own experience, we assumed that the expected difference
in daily PA after 24 weeks between participants in the ex-
perimental intervention and those in the control group
would be 2500 steps per day. We further assumed that the
standard deviation given either study group would be 3000
steps per day [43]. By including daily PA (steps per day) at
baseline as a covariate in the analysis, we aim to further
reduce error variability and therefore assumed that the
correlation between baseline and outcome daily PA will be
0.7. With a significance level of 0.05 (2-sided), the sample
size needed to attain a targeted power of 90% for showing
superiority of the experimental intervention over control
was determined as a total of 34 participants (17 in each
group). While we aim to achieve complete capture of all
data from all participants, it is unavoidable that some par-
ticipants will fail to provide outcome data. We will there-
fore increase the proposed sample size by 20%, so that we
will include a total of 42 participants (21 in each group).
Recruitment
Participants are recruited in cooperation with the Clinic
of Endocrinology, Diabetes and Metabolism of the
University Hospital Basel, Switzerland as well as on the
basis of the database of the Diabetesgesellschaft Region
Basel, Switzerland. Further, subjects will be recruited
Fig. 4 Illustration of the undeveloped garden before starting the exercise (a) and the fully developed garden as a result of regular exercise (b)
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through online and newspaper advertising as well as by
word of mouth. Patients who seem to be eligible based
on their medical records are contacted via email, tele-
phone or personal inquiry. They then receive a question-
naire via email to verify insufficient levels of PA as well
as other general eligibility before an appointment for the
first day of examination, including the personal assess-
ment of final eligibility, is scheduled at the Department
of Sport, Exercise and Health of the University of Basel.
Assignment of interventions
Allocation and blinding
Participants are allocated at random and in equal numbers
to one of the two groups. To achieve this, permuted block
randomization with randomly varying block sizes is ap-
plied. The randomization list was generated in advance
using R version 3.2.3 (R Foundation for Statistical Com-
puting, Vienna, Austria) and the R add-on package
blockrand version 1.3 [79] and was transmitted using se-
quentially numbered, opaque, sealed envelopes [80] by a
study assistant not involved in the measurement appoint-
ments. Another study assistant receives the envelope on
the second visit after all measurements are completed and
immediately prior to the distribution of MOBIGAME or
the one-time lifestyle counseling, respectively. Through
the randomly varying block sizes, which were deliberately
not disclosed, study assistants involved in both the meas-
urement appointments and the distribution of MOBI-
GAME or the one-time lifestyle counseling, respectively,
as well as the investigator organizing the appointments
cannot know which upcoming participant will be allocated
to which of the two groups. All other study personnel and
all outcome assessors (with the exception of the telephone
Fig. 5 Screenshot of the exercise mode: (a) Step-by-step instructions,
including a video of an animated stick figure, are available for all
exercises to ensure correct execution. (b) Tracking of exercise
execution via camera, audio sensor or motion sensor tracking
Fig. 6 Screenshot of the exercise mode: Training focus (a), type of
in-app reward (b) and required materials (c) are clearly stated before
the start of the training
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interviewers) are blinded with respect to group allocation.
No unblinding procedures are intended, except for adverse
events that require medical care. A blinding of participants
regarding group allocation is not possible. However, to
minimize performance bias, participants do not receive de-
tailed information about the other intervention [81].
Data collection
All measurements of this study are performed by standard-
ized procedures and the assessment staff uses standardized
instructions for all measurements to ensure equal testing
conditions for all participants. For a description of the study
instruments, see study data (above).
To promote participant retention and complete outcome
data from all participants, including those who discontinue
or deviate from intervention protocols, a total incentive of
up to 450 CHF per individual as compensation for their
time participating in the study will be provided to all
participants. The incentive is not awarded at one time, but
is delivered as the participant progresses through the study
(150 CHF after completion of the baseline assessment and
an additional 300 CHF after completion of the final assess-
ment following the 24-week intervention).
Data management
To ensure anonymous data handling, sensitive patient data
have been previously encoded into a string variable. Data
are secured by passwords and only accessible by the re-
sponsible staff. The obtained data are digitally stored,
backed-up and archived at the Department of Sport,
Exercise and Health of the University of Basel. All activity
and participant usage data collected by MOBIGAME are
stored on the phone’s hard drive and encrypted (and thus
secured) with a password chosen by the participant.
Fig. 7 Screenshot: Overview of completed exercises by muscle
group (a) or by type of exercise (b)
Fig. 8 Screenshot of activity overview: (a) Average steps and average
minutes of activity per week, month (displayed) or year. (b) Day view of
steps walked, daily step goal and information if step goal was reached
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Entering of this password—and thereby the participant’s
consent—is required before exporting these data for ana-
lysis post intervention.
Statistical methods
The statistical analysis will conform to the pre-specified
statistical analysis plan described below. Following the
intention-to-treat analysis strategy, participants will be
analyzed in the groups exactly as randomized.
Descriptive analysis
A flow chart of the participants’ progress through the trial
will be used for reporting [82]. The number of screened
T2DM patients who fulfill the eligibility criteria and the
number included in the primary, secondary and further ana-
lyses as well as the reasons for exclusion from these analyses
will be reported. Summary statistics will be provided for
baseline and outcome data, as appropriate. Continuous
variables will be summarized using the mean and standard
deviation for normally distributed data or the median and
interquartile range for non-normally distributed data.
Frequency counts and percentages will be used for categor-
ical data. Visual inspection of box plots of steps per day and
further outcomes will be used to identify possible outliers in
each group (experimental vs. control) to be excluded in
sensitivity analyses.
Main analyses
The main analyses will be performed on the assumption
that missing outcome data are missing at random and
therefore will be based on complete cases only.
The primary outcome of daily PA (steps per day) after
the 24-week intervention and further outcomes will be
analyzed by analysis of covariance (ANCOVA) [83]. The
results will be presented as differences in outcome (with
95% confidence intervals) between participants in the ex-
perimental intervention and those in the control group,
adjusted for the corresponding values at baseline. In the
case of chance imbalances at baseline, this will remove a
possible bias in the estimate of the effect of experimental
intervention over control, while, at the same time, yielding
a more precise estimate and accordingly more powerful
test for the difference between groups.
Normality will be assessed using normal quantile-
quantile plots of the residuals, and to assess variance homo-
geneity, we will use Tukey-Anscombe plots. If the residual
plots indicate departure from model assumptions, suitable
transformations of the outcome will be considered [84].
For the secondary outcome, each group will be ana-
lyzed descriptively with respect to program adherence.
Finally, correlations between MOBIGAME adherence
and acceptance of MOBIGAME (TAM questionnaire
score, see Additional file 2) will be analyzed using Spear-
man’s rank correlation coefficient.
Sensitivity analyses
The effect that any missing outcome data might have on
results will be assessed through sensitivity analyses based
on imputed data sets. Dropouts (essentially, participants
who are lost to follow-up) will be included using imput-
ation methods that allow for the uncertainty about the
imputed values. While a few missing values generally
present a minor nuisance, a substantial number of missing
values is a major threat to a trial’s integrity [85]. If
omitting all patients with incomplete data will result in a
large proportion of the data being discarded, we will use
multiple imputation where missing data are replaced by a
set of plausible imputations generated from the patient’s
available data [86]. To achieve this, imputation models will
need to be developed based on the majority of patients
with complete data. Variables included in these models
Fig. 9 Screenshot of training overview: Total number of completed
strength exercises. Exercises displayed are lunge (“Ausfallschritt”), leg
lift (“Beinheben”), squat (”Kniebeuge”) and push-up (“Liegestütze”)
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will be carefully chosen, and the study team will discuss
whether this choice makes the underlying assumption that
any systematic difference between the missing and the
observed outcome data can be explained by differences in
observed (baseline) data plausible. Rubin’s rules will be
used to combine results across ANCOVA models based
on the imputed data sets (at least five imputed data sets
will be created) and so give an overall estimate of the
effect of experimental intervention over control on the
primary and further outcomes.
Statistical software
Up-to-date versions of SAS (SAS Institute Inc., Cary, NC)
and R (R Foundation for Statistical Computing, Vienna,
Austria) will be used for statistical analysis and graphics.
Quality assurance and monitoring
Written standard operating procedures are used for all
measurements to ensure data quality. The state of recruit-
ment, patient participation and consent withdrawals are re-
ported regularly to the project manager. Data completeness
and plausibility as well as control of correct randomization/
allocation of patients are verified regularly. Any deviation
from expected standards are reported to and discussed with
the project manager.
Ethical considerations
The health risks of MOBIGAME use are negligible. To
minimize the risk for any cardiorespiratory adverse
events, all participants are required to undergo an exten-
sive physical examination including resting and exercise
electrocardiography (see Additional file 2) before receiv-
ing MOBIGAME as part of the intervention treatment.
Overload of soft tissue may be in principle possible but
seems very unlikely because of the implemented training
structure that begins with very light intensity and dur-
ation and is based on the individual results from the
baseline testing (6MWT and STS). Training progression
is also tailored and can be individually and manually ad-
justed at any time, thereby further minimizing the risk
for adverse events. In addition, at first use of MOBI-
GAME the player is instructed to contact the primary
care physician (or study personnel) should any unex-
pected adverse events occur during use and to call the
emergency number for emergencies.
In contrast, the potential benefits of MOBIGAME use
significantly exceed the risk of adverse events and include
increased cardiorespiratory fitness and leg strength,
improved glucose metabolism and diabetes management
as well as lower cardiovascular risk and ultimately an
improved quality of life. Accident insurance is provided by
the University of Basel for all participants.
Discussion
PA is a crucial component in the prevention as well as
treatment of T2DM [7–12] and its comorbidities [13–
15]. Despite the many individually relevant health bene-
fits, adherence to PA-promoting intervention programs
in T2DM is generally low and their mid- to long-term
effectiveness therefore often limited [27]. On the basis of
our extensive review of the current exergaming literature
[34] and our own preliminary work examining the inten-
sity of indoor exergaming on cardiorespiratory exertion
in T2DM individuals [33], it has been shown that serious
exergames as well as mobile app-based programs [38]
principally have the potential to be effective treatment
options, especially because they seem to at least partly
solve the adherence problem [28, 29]. The MOBIGAME
application is a milestone in the exergaming approach as
it is the first such application seeking to improve phys-
ical activity in T2DM individuals by offering individual-
ized and structured strength and endurance workouts as
well as balance and flexibility exercises, which are em-
bedded in the game’s story line. All workout intensities
are based on the fitness assessment of the player through
established field tests that are also part of the story line.
MOBIGAME offers the unique opportunity to more sus-
tainably improve adherence to exercise through game
enjoyment combined with convenience and individual-
ized goals that give the users immediate feedback and
credit for their accomplishments and thereby increase
motivation to progress in the game [55]. In contrast to
traditional exergames, MOBIGAME offers a large variety
of sensor-tracked exercise modes that facilitate workouts
indoors as well as outdoors and thus gives the users the
opportunity to be physically active wherever they are.
This study will comprehensively evaluate the effective-
ness of MOBIGAME as a highly innovative, mobile and
individualized home-based treatment option for T2DM
patients on sustainably improving daily PA (primary out-
come) and several health parameters in the mid to long
term. The study aims to assess whether a cutting-edge
exergaming application, developed by sports scientists and
professional game developers in a close collaboration over
the course of 24 months, is superior to traditional home-
based patient guidance. If so, this application may cover a
gap in the treatment of those patients with T2DM not
willing or not able to participate in structured group pro-
grams and could at the same time reduce time-consuming
and personal-intensive face-to-face as well as telephone
consultations (or at best make them redundant). Last but
not least, this study will add considerably to the under-
standing of whether a mobile phone-based game applica-
tion is an option to sufficiently address the problem of
program adherence in PA-promoting interventions and
provide relevant information for the general transferability
of this application for use in other chronic diseases.
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Trial status
At the time of manuscript submission (Version 1, 27
October 2016), examinations have started (see timeline).
Additional files
Additional file 1: Standard Protocol Items: Recommendations for
Interventional Trials (SPIRIT) 2013 checklist. (DOC 121 kb)
Additional file 2: Study data – further outcomes. (DOCX 49 kb)
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Consisting  of  intrinsic  motivation,  perceived  competence,  perceived  choice,  and  perceived 
usefulness, self‐determination is measured via the Intrinsic Motivation Inventory (IMI) score. The 
IMI is a multidimensional Likert‐type rating scale that assesses the central motivational structures 
underlying  self‐determination  [1].  It  has  been  shown  to  possess  good  internal  consistency 




















on  an  isokinetic  dynamometer  (D&R  Ferstl,  IsoMed  2000, Hemau, Germany)  [10]. During  the 
measurement, the seat back is reclined to 50°. Hip and knee angles are individually adjusted at 
90° and 100°, respectively, while the hip  is additionally  fixed with a belt. The testing condition 










and  a  reduced  HRQOL  [13],  the  assessment  of  leg  strength  is  an  important  outcome  of  the 
MOBIGAME intervention. 
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risk  [15]. These methods  are  valid  and  reliable ways  to assess  arterial  stiffness,  central blood 
pressure and pulse wave reflection in a Caucasian population [14,16]. 
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special analyzing software  (Vesselmap 2, Visualis,  Imedos Systems). Reliability of  retinal vessel 
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Validity  of  Activity  Trackers,  Smartphones,  and  Phone 
































Behavior  Change  Technique‐based  Smartphone  Game 



































Inactive,  overweight  type  2  diabetes  patients  (n=36),  45‐70  years  of  age, who  regularly  use 
smartphones were randomly assigned to either the intervention group or the control group (one‐






























an estimated $825 billion  in 2014  [3] and makes up as much as 20% of  the  total health  care 
expenditures in many countries [4], underlining the disease’s enormous economic burden. 





[6].  Physical  inactivity  not  only  increases  the  risk  of  type  2  diabetes  by  over  100%  but  also 
significantly  contributes  to  the  development  of  several  comorbidities  such  as  hypertension, 
dyslipidemia, and cardiovascular disease [6] and a 1.5‐fold increased risk of all‐cause mortality [7]. 




forms of PA are  therefore desperately needed  to encourage  this  target group  to become and 
sustainably be more physically active.  
In recent years, PA‐promoting games (exergames) have increasingly been used and examined to 
encourage  regular PA  in  those who  cannot be motivated  through  conventional PA‐promoting 
interventions [9]. By making PA an enjoyable and meaningful experience, this “gamified” approach 
aims to attenuate the negative perception of PA, as often the case in inactive target groups, and 
thereby  lowers  the  subjectively  perceived  cost  of  being  physically  active  [9].  Console‐based 




























This 24‐week RCT  (2‐arm) was  conducted  in  accordance with  the Declaration of Helsinki  [13] 




to  allocate  participants  at  random  and  in  equal  numbers  to  one  of  the  two  groups.  The 











≥25 kg/m2,  (III) 45‐70 years of age,  (IV) <150 min of moderate‐intensity PA per week, and  (V) 
regular smartphone use during  the  last year before  the study to ensure that participants were 




















levels  and  individualized  rates  of  intensity  progression.  Execution  of  in‐game  exercises  (130 
exercise variations) and daily PA are tracked via the phone’s sensors (camera, accelerometer, and 





the progression  in  the storyline  is  independent of  the player’s  initial  fitness  level but depends 
rather  on  the  regularity  of  game  use  and  the meeting  of  personalized  PA  goals.  A  detailed 
description of the game’s content with regard to the exercise regimen and game design is provided 




































25 W, workload  increased  linearly  (ramp protocol) by 15 W/min until participants’ exhaustion. 
Respiratory  gas  parameters were  analyzed  breath‐by‐breath  (MetaMax  3B,  Cortex  Biophysik 
GmbH, Leipzig, Germany). Ratings of perceived exertion according to the 6‐20 Borg Scale [22] and 
BP were measured at rest, after warm‐up, and every two minutes until exhaustion. Blood lactate 













































be 0.7. With a significance  level of 0.05  (2‐sided),  the sample size needed  to attain a  targeted 
































  n  Median (IQR)  n  Median (IQR) 
Basic         
Sex    Female  8    9   
    Male  10    9   
Age (years)  18  57 (53, 60)  18  60 (54, 63) 
Height (m)  18  172 (166, 177)  18  172 (165, 177) 
Weight (kg)  18  93 (89, 96)  18  98 (88, 111) 
BMI (kg/m2)  18  31 (29, 34)  18  33 (30, 36) 
Fat mass (%)  18  39 (35, 43)  18  35 (33, 43) 
MVPA (min/week)  18  45 (0, 60)  18  38 (0, 68) 
Medical Record         
Diabetes duration (years)  18  3.3 (1.4, 4.3)  18  4.1 (1.5, 7.0) 
Antidiabetic drug intake  18    18   
  Metformin   18    18   
  DPP‐4‐inhibitor  7    6   
  Thiazolidinedione   ‐    1   
  SGLT2 inhibitor  ‐    1   
  GLP‐1 receptor agonist  1    2   
  Sulfonylurea  2    1   
Antihypertensive drug intake  12    11   
Lipid‐lowering drug intake  4    7   















HbA1c  remained  unchanged  at  6.2%  (SD  0.7)  in  the  intervention  group  and  increased  by  0.1 
percentage points (SD 1.3) in the control group during the intervention period with an adjusted 
difference of ‐0.9 percentage points (95% CI ‐1.5, ‐0.2; P=0.016) in favor of the intervention group. 








ml/(kg∙min)  (SD 1.2) and 0.13  l/min  (SD 0.09)  in  the  intervention group and decreased by 0.1 
ml/(kg∙min)  (SD  1.4)  and  0.03  l/min  (SD  0.15)  in  the  control  group.  The  adjusted  difference 
between the two groups was 1.9 ml/(kg∙min) (95% CI 0.9, 2.9; P<0.001) and 0.14 l/min (95% CI 






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































In  this RCT,  the use of  a novel,  self‐developed  smartphone  game  that  included  individualized 
exercise and daily PA promotion  led to a significantly higher  increase  in daily PA (+3,000 steps) 




















VȩO2peak was  likely due to a decrease  in body weight caused by the significant reduction  in total 
body fat mass of 2.7 kg (7.7%) during the intervention. The reduction in body fat mass in our study 
was modest when compared to an intensive 12‐week lifestyle intervention consisting of dietary 
changes,  exercise,  cognitive‐behavioral  modifications,  and  medication  adjustments,  which 
showed an average reduction in body fat mass of 15% [31]. It is important to note however, that 

















improvements  in  glycemic  control  were  found.  While  significant  decreases  in  HbA1c  of  0.5 
percentage points  following walking  interventions of durations between 8 and 36 weeks have 
been  found  in  a  recent meta‐analysis  [35],  an  inconclusive  glycemic  control  benefit  of  step 
goal/pedometer use in type 2 diabetes, similar to our findings, has also been reported before [36]. 
This  recent meta‐analysis  [36]  found  no  association  between  step  goal/pedometer‐mediated 
increases in daily PA and improvements in glycemic control despite average increases in daily PA 
of 3,200 steps/d. A recent RCT [37] that promoted daily PA through pedometers and physician‐
prescribed step count goals did  find  reductions  in HbA1c of 0.38 percentage points  following a 
1,200‐step‐per‐day increase in daily PA (60% lower increase than our study) after one year. It is 




content  to patients with diabetes that showed the greatest  impact on HbA1c  in the six months 
after completing the intervention (12 months after baseline). It is thus conceivable that a similar 
time  lag applies  to our study  through which  it may  take more  time  than 24 weeks before  the 
gradual  adoption  of  health‐improving  PA‐behaviors  induced  by  the  game  leads  to  glycemic 
improvements  that are  reflected  in a  lower HbA1c.  It can  further be conjectured  that a higher 
exercise intensity, as may be the case in certain console‐based exergames [39], would have elicited 
(more detectable)  improvements  in glycemic control, comparable  to  the 0.3 percentage point 
reduction  in  HbA1c  found  after  only  12 weeks  of  autonomous  exergame  use  [10].  However, 
because this may have then potentially affected the adherence to the game over 24‐weeks and 
subsequently compromised the shown increases in PA, we deliberately designed our game to be 
mainly  of  low‐intensity  character  to  lower  the  threshold  for  regular  use  in  our  inactive,  low‐
motivation  target  group  and  to  support  a  sustained  change  in  PA  behavior.  In  addition,  it  is 
noteworthy,  that  the participants of  the studies  included  in  the aforementioned meta‐analysis 
[35] and those of the exergame intervention [10] had a markedly higher average HbA1c at baseline 
than did the participants in the intervention group of our study. Average HbA1c values of 6.9‐8.1% 
[35] and 7.1% [10]  leave more room to  improve glycemic control through  increases  in daily PA 
than does a baseline value of 6.2% that indicates a medically already well‐controlled HbA1c. The 












Our  study  has  a  number  of  strengths,  including  the  novelty  of  the  smartphone  game‐based 
intervention, the longer‐term intervention of 24 weeks, and the objective one‐week assessment 
of daily PA. The  individualized,  fitness  level‐adjusted  training  regimen and PA promotion were 
administered  remotely via  the game and without  the need of physical contact between  study 
personnel  and  participants.  This  may  set  a  potential  precedent  for  future  PA‐promoting 
interventions  with  the  potential  for  a  wide  and  easy  dissemination  even  in  geographically 
dispersed health care  settings. As  initial  increases  in daily  steps have been  shown  to diminish 
during  the  subsequent weeks with  a  return  to  baseline  values  after  six weeks  in  other  PA‐




study,  the  generalizability  of  our  results  might  be  limited,  as  individuals  who  are  less 
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patients  with  type  2  diabetes  remain  inactive,  often  due  to  low motivation  and  lack  of  PA 
enjoyment. A recent and promising approach to help overcome these PA barriers and motivate 
inactive individuals to change their PA behavior is PA‐promoting smartphone games. While short‐
term results of  these games are encouraging, the  long‐term success  in effectively changing PA 
behavior  has  to  date  not  been  confirmed.  It  is  possible  that  an  insufficient  incorporation  of 
motivational elements or  flaws  in gameplay and storyline  in  these games affect  the  long‐term 
motivation to play and thereby prevent sustained changes in PA behavior. We aimed to address 









Thirty‐six  inactive,  overweight  type  2  diabetes  patients  (45‐70  years  of  age) were  randomly 




















‘interest/enjoyment’  (+2.0  (SD 1.9) points, P<0.001) and  ‘perceived competence’  (+2.4  (SD 2.4) 
points,  P<0.001)  likewise  increased  significantly  in  the  intervention  group while  they  did  not 




















attributed  to  type 2 diabetes  [2]. The disease  is associated with numerous  complications and 
comorbidities  that  drastically  increase  direct  and  indirect  medical  costs  and  considerably 
contribute to the disease’s enormous financial strain worldwide [3].  
Regular physical activity  (PA) with  its proven positive effects on glucose and  lipid metabolism, 
blood  pressure,  cardiovascular  complications,  and  quality  of  life,  is  a  key  component  of  a 
successful  diabetes  treatment  [4].  Despite  these  health  benefits,  and  even  though  diabetes 
patients are usually encouraged by their physicians to increase PA, long‐term adherence to PA‐




lack  of  PA  enjoyment  are  the main  deterrents  that  keep  patients with  type  2  diabetes  from 
effectively  changing  their  PA  behaviors  [8,9]. As  intrinsically motivated  individuals  have  been 
shown  to have higher PA engagement and better PA adherence  than  those who are primarily 




in unmotivated,  inactive  target groups  is exergames. Through  the enjoyable game experience, 
console‐based  exergames  have  been  shown  to motivate  inactive  type  2  diabetes  patients  to 




































as  well  as  regarding  changes  in  glycemic  control  and  aerobic  capacity  have  been  reported 
elsewhere  (personal  communication by Christoph Höchsmann,  June 2, 2018).  Secondary  aims 





by a person not  involved  in  the  study using  serially numbered,  sealed, opaque envelopes. All 
outcome assessors were blinded with respect to the group allocation. Because 50% of diabetes 
participants  generally  drop  out  of  exercise  programs within  three months  [19], we  chose  an 
intervention duration of 24 weeks, which distinctly exceeds the critical timeframe of 3 months and 




Physically  inactive,  overweight  (body  mass  index  ≥25  kg/m2)  type  2  diabetes  (non‐insulin‐
dependent) patients between 45 and 70 years of age were recruited in cooperation with various 
hospitals, doctor’s offices, and diabetes care centers in the Basel metropolitan area and via online 
and  newspaper  advertising.  Eligible  participants  were  required  to  have  used  a  smartphone 
regularly during  the year before  the  study  to ensure  that  they were  technologically proficient 
enough to represent a realistic target audience for a PA‐promoting smartphone game.  
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body mass, body  fat content  (bioelectrical  impedance analysis;  InBody 720,  JP Global Markets 



















In addition,  it has been  shown  that gardening  is among  the  target group’s preferred  forms of 
physical activity [22] and that gardening‐themed games are quite popular and comprehensible to 
a wide range of players because of their straightforward mechanics [23,24]. In the game, regular 





















progression  for  the exercise  regimens as well as  for  the daily PA goals  that  can, however, be 
manually adjusted by the player to fit personal preferences and potential physical limitations. An 
individualization of the exercise regimen is crucial because unrealistic, overwhelming targets often 
reduce  patients’ motivation  and  thereby  directly  affect  adherence  [27].  Regularity  of  PA  and 
relative improvements rather than high absolute values determine the progression in the game 
and thereby make game success independent of the individual fitness level.  
Participants  in  the  control group  received a one‐time  lifestyle counseling  to promote baseline 
activities of daily  life  [28]. Further, control group participants were provided with a structured 
exercise plan consisting of strength and endurance exercises with moderately increasing intensity 
and duration, essentially comparable  to  the content of  the game  that was  to be  implemented 







the  four  subscales  ‘interest/enjoyment’,  ‘perceived  competence’,  ‘perceived  choice’,  and 
‘value/usefulness’.  These  subscales  have  been  used  before  to  assess  participants’  subjective 
experience  regarding  participation  in  a  TV  exercise  program  [30]  as well  as  to  examine  the 
motivational pull of video games [31]. The interest/enjoyment subscale is considered the true self‐































Results  are presented  as differences  in outcome  (with 95%  confidence  intervals, CI) between 














































  n  Mean (SD)  n  Mean (SD) 
Characteristic         
Sex    Female  8    9   
    Male  10    9   
Age (years)  18  56 (5)  18  58 (6) 
Height (m)  18  171 (7)  18  172 (8) 
Weight (kg)  18  93 (12)  18  100 (16) 
BMI (kg/m2)  18  32 (4)  18  34 (5) 
Fat mass (%)  18  38 (7)  18  38 (7) 
MVPA (min/week)  18  39 (34)  18  37 (31) 
Diabetes duration (years)  18  4 (4)  18  5 (4) 







(95%  CI  0.9,  15.4;  P=0.029)  points.  The  subscales  ‘interest/enjoyment’  (+2.0  (SD  1.9)  points, 




value/usefulness  subscale  showed  a  significant  adjusted  difference  of  +2.7  (95%  CI  0.3,  5.2; 
P=0.030) points in favor of the intervention group despite non‐significant changes in either group. 

























































































































































average 83.7%  (SD 3.5%) of all  in‐game walking was done at a cadence of  ≥100 steps/minute, 
indicating  an  average  weekly  amount  of  109.8  (SD  43.4)  minutes  of  moderate‐to‐vigorous‐
intensity  in‐game walking. One participant stopped playing  the game after  the  third week and 





strength workouts  and 96.5% of walking workouts were  completed  and 82.6% of  all  in‐game 


















The  results  of  this  randomized  controlled  trial  show  that  a  novel  smartphone  game  whose 
storyline  is  based  on  established motivational  elements  and  behavior  change  techniques  can 
significantly improve intrinsic PA motivation and lead to stable increases in PA in inactive type 2 
diabetes patients over a 24‐week period. Participants in the intervention group showed significant 
increases  in  the  IMI  total  score  as  well  as  in  the  subscales  ‘interest/enjoyment’,  ‘perceived 
competence’,  and  ‘perceived  choice’,  indicating  improvements  in  true  PA‐related  intrinsic 
motivation as well as in factors that predict intrinsic motivation. There was no significant change 
in  the value/usefulness subscale  in  the  intervention group; however,  it  is noteworthy  that  the 
baseline value of this intrinsic motivation‐predicting subscale was relatively high (18.7 points) and 
thus did not leave a lot of room for improvement in a scale with a maximum score of 21 points. 












































those  of  Pokémon  GO.  It  is  further  possible  that  our  approach  of  tailoring  the  in‐game  PA 
recommendations and exercises to the fitness level of each player avoided feelings of incapability 
and failure that result from overwhelming PA volumes and intensities and instead enabled players 
to experience PA‐related  competence by being  able  to  complete  suitable workouts and meet 
appropriate and realistic PA goals. The effectiveness of our game is highlighted by the fact that 





























in  adopting  and  adhering  to  a  physically  active  lifestyle  that  corresponds  to  established  PA 
guidelines [4]. 
Limitations and Implications for Future Research 


















been  important  knowledge  for  future  game  designs.  Finally,  a  follow‐up  assessment  after  an 
appropriate  interim  period  should  be  considered  to  evaluate  the  effectiveness  of  the  game 
regarding  the  sustainability  of  the  improvements  in  PA  adherence  beyond  the  24‐week 
intervention period. 
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In  summary,  our  randomized  controlled  trial  shows  that  a  novel  smartphone  exergame  that 




week  intervention  period  that  demonstrate  the  game’s  suitability  in  successfully  encouraging 
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Figure  1  illustrates  the  five  steps  of  this  Ph.D.  project.  After  extensive  preparatory  work 
(systematic review (step 1) and data analysis of a previously conducted pilot study (step 2)), an 
innovative  smartphone  game  was  developed  through  an  international  and  interdisciplinary 
cooperation  (step  3).  The  game  delivers  individualized  physical  activity  content  through  an 
elaborate  storyline  that  is based on established motivational components. As  the  smartphone 
game  tracks and  rewards daily physical activity, we assessed  the accuracy of  these devices  to 
measure steps during various walking conditions in a validation study (step 4). In this validation 














the systematic review showed  increases  in either oxygen uptake  (VȩO2), energy expenditure, or 
heart  rate during  exergame play,  suggesting  a  general  suitability of  exergames  to be used  as 
effective exercise tools. At the same time, exergaming was rated generally as more enjoyable than 
generic  physical  activity,  suggesting  an  additional motivational  benefit  of  these  games.  The 









suitable  to meet  established  guidelines.  A  general  lack  of  adequate  individualization  of  the 
intensity and difficulty level was noted for all exergames, making most game modes unsuitable for 
effective training and potentially unsafe for inactive individuals with chronic diseases and a likely 
reduced  fitness  level. Of all  included studies, only one had a  low risk of bias and 10 out of 11 




activity  in  overweight  individuals with  or without  type  2  diabetes,  and  a  positive  effect  of  a 
possible enjoyment of exergame use on physical activity adherence could only be conjectured.  
 
9.1.2 Aim  2:  Evaluating  the  suitability  of  the  Wii  Fit  Plus  exergame  to  improve 
cardiorespiratory fitness in individuals with type 2 diabetes. [2] 
For the second aim, data  from a previously conducted proof‐of‐concept study was analyzed to 
evaluate  the  suitability  of  the  Nintendo  Wii  Fit  Plus  exergame  as  a  tool  to  improve 













play than  individuals with a  lower fitness  level, suggesting, at  least  in part, the potential for an 
individual intensity adjustment without a visible ceiling effect. 
 
9.1.3 Aim  3:  Developing  a  behavior  change  technique‐based  smartphone  game  that 
delivers individualized exercise and physical activity promotion with the intention to 
motivate  inactive type 2 diabetes patients to become sustainably physically active 





psychological/motivational  outcomes.  The  game was  developed  through  a  collaboration with 
international  partners  to  create  a motivating,  fitness  level‐adjusted  exercise  tool  specifically 
designed  for  the needs of  inactive  type 2 diabetes patients and  thereby addressing  the noted 


















individualized physical  activity  goals.  The  game mechanics  are  based  on  established  behavior 
change  techniques  to motivate  for  regular  long‐term  use  and  support  sustained  changes  in 
physical  activity behavior. During  the 24‐week  randomized  controlled  trial, participants  in  the 

















each) as well as  free walking  (620 m walking course with stops, different  inclines, and several 
flights of stairs) at a self‐chosen walking speed (mean speed 4.73 km/h). Twenty participants were 
included in the study and equipped with the devices (Garmin Vivofit 2, on the wrist of the non‐
dominant arm;  iPhone SE,  in the right pants pocket,  in a shoulder bag,  in a backpack; Samsung 
Galaxy S6 Edge, in the left pants pocket) while performing the different walking conditions. The 
Garmin Vivofit 2  and  iPhone  SE  showed  good  accuracy  for  treadmill walking  ≥3.2  km/h  (<3% 
deviation  from video  recordings) and  for  free walking  thus being suitable  to measure steps at 
normal, fast, and even slow walking speeds. The Samsung Galaxy S6 Edge showed good accuracy 







bag),  suggesting a broad versatility of  the device  for physical activity measurement  in various 
settings. 
 
9.1.5 Aim  5:  Examining  the  effects  of  the  smartphone  game on daily physical  activity, 
glycemic control, and aerobic capacity  in  inactive  individuals with type 2 diabetes. 
[5] 
The fifth aim was to examine the effectiveness of the novel smartphone game to increase daily 
physical activity and  improve glycemic control and aerobic capacity  in  inactive  individuals with 
type 2 diabetes during a 24‐week  randomized controlled  trial. Participants  in  the  intervention 
group  increased  their daily physical  activity by  an  average of 3,998  (SD 1,293)  steps per day, 
averaging 9,782 (SD 1,334) steps per day after the intervention. The control group showed post‐
intervention  increases  in daily physical activity of an average of 939  (SD 1,156)  steps per day, 
remaining  insufficiently  active,  however,  with  an  average  of  6,551  (SD  1,280)  per  day.  The 
significant adjusted difference between  the  two groups of 3,128  steps per day  (95% CI 2,313, 
3,943; P<0.001) underlines  the game’s potential  to elicit a  sustained  increase  in daily physical 
activity. The increase in daily physical activity was accompanied by an increase in aerobic capacity 
with an adjusted difference in oxygen uptake at the first ventilatory threshold of 1.9 ml/(kg∙min) 
(95% CI 0.9, 2.9; P<0.001)  in  favor of the  intervention group. A strong positive correlation was 
found between  total duration of  in‐game  training and both  increase  in steps per day  (rs=0.91; 










trial  to  examine  the  effectiveness  of  the  game  in  increasing  the  intrinsic  physical  activity 
motivation and to evaluate the game’s potential in eliciting sustained improvements in physical 
adherence. Intrinsic physical activity motivation was assessed with an abridged 12‐item version of 
the  Intrinsic Motivation  Inventory  (IMI)  in  both  groups.  In  addition,  adherence  to  the  game‐
proposed physical activity recommendations during the intervention period was assessed in the 






score decreased  in  the control group by 1.9  (SD 16.5; P=0.623) points during  the  intervention 
period. The adjusted difference between the two groups was 8.1 (95% CI 0.9, 15.4; P=0.029) points 
in  favor  of  the  intervention  group.  The  subscales  ‘interest/enjoyment’  (+2.0  (SD  1.9)  points, 
P<0.001)  and  ‘perceived  competence’  (+2.4  (SD  2.4)  points,  P<0.001)  likewise  increased 
significantly  in  the  intervention group whereas  they did not change significantly  in  the control 
group. The usage data revealed that participants in the intervention group used the game for an 
average of 131.1  (SD 48.7) minutes of  in‐game walking  and  for  an  average  of  15.3  (SD 24.6) 
minutes of strength training per week, totaling in 143.1 (SD 59.1) minutes of in‐game training per 
week and underlining the game’s potential in motivating formerly inactive type 2 diabetes patients 




Black  arrows  indicate  significant  results  and  dotted  arrows  indicate  inconclusive  results.  No 










console‐based  exergames  are  acutely  able  to  elicit  exercise  intensities  that  are  of  sufficient 










no  studies  with  intervention  durations  longer  than  12  weeks  exist  [1].  Content‐related 






use  the  promising  exergaming  approach  as  an  effective workout  option  for  individuals with 
chronic diseases and a low fitness, a tailored and more serious physical activity‐promoting game 






to  overcome  these  typical barriers  and  thereby  lowers  the  perceived  cost  of being physically 
active. The motivating and enjoyable game experience targets the typical physical activity barriers 
‘lack of physical activity enjoyment’ [9] and ‘lack of physical activity motivation’ [9–11] that are 




familiar home environment.  In addition,  the  choice of  the  smartphone as  the  carrier medium 







that  are  an  essential  component  of  our  game’s  storyline  offer  supportive  and  motivating 
companionship to the player and thereby may at least partly compensate for the ‘missing social 




















in  Switzerland  and  the  costs  consequently  do  not  affect  patients  directly,  the  amount  of 






all  type 2 diabetes patients  in Switzerland),  the overall production costs of approximately one 
million CHF would be equal to 1,538 CHF per patient and would consequently break even with the 


















sustained  increase  in  daily  physical  activity  through  the  use  of  the  game.  While  personal 
informatics  (in  our  case  the  tracking  of  daily  physical  activity  and  in‐game workouts with  an 
immediate  feedback  to  the  user)  have  been  shown  to  improve  self‐monitoring  and  thereby 




circumvents  the direct  targeting of  the behavior of  interest  (increase  in physical  activity)  and 














the  motivational  elements  incorporated  into  the  game  address  both  internal  and  external 










behavior’,  ‘prompts/cues’,  ‘graded  tasks’, and  ‘rewards’  in our game design  is  supported by a 
recent  meta‐analysis  of  16  studies  and  1,069  participants  [25],  which  found  these  specific 
techniques  to be particularly effective  in changing physical activity behavior. The high average 
duration of  in‐game training  in our study  [6] and the effectively changed daily physical activity 
behavior  [5]  further  underline  the  successfulness  of  the  included motivational  elements  and 
thereby warrant  their selection. For  future game designs,  it could be considered  to assess  the 
behavioral profile of the individual at the beginning of play, and then select the motivational game 





target group’s preferred  forms of physical activity  [26] and  that gardening‐themed games are 
quite popular and easily understandable by a wide range of players [27,28]. The engagement in 
gardening activities and particularly nurturing plants has been shown to be effective in alleviating 
stress  by  evoking  feelings  of  curiosity,  competence,  and  enjoyment  [29,30],  and  it  was 
hypothesized that the positive and de‐stressing character of this activity would be at least partially 
transmitted  to  the  player  even  though  the  gardening  is  solely  virtual.  In  addition,  the 
transformation of the garden through regular care stands metaphorically for the transformation 
of the player’s body through regular physical activity and thereby makes the positive effect of the 







intervention  period.  This  suggests  that  they  perceived  the  game’s  design  and  storyline  as 
motivating and enjoyable, warranting the design choices that were made based on the results of 
a previously conducted user study with 12 participants from the target group (see publication 3). 
















reduced mobility or  low exercise capacity at  the  start of play,  it was necessary  to  incorporate 
objective exercise tests into the game design. The chosen tests had to meet several requirements 
to  be  suitable  for  their  intended  purpose.  The  tests  had  to  provide  reproducible  results  for 
individuals with a wide  range of  fitness  levels  that  could be  interpreted based on established 
reference values, to show high correlations with other established exercise capacity tests, and to 
assess the functional exercise level needed to perform the in‐game workouts. The tests further 







the  phone  is  held  in  the  hand  and  the  distance walked  during  the  six‐minute  test  period  is 




To be  able  to use  the  results  from  the baseline  tests  for  the  selection of  suitable  entry‐level 
intensities of the in‐game exercises, a qualitative user study with 12 participants (see publication 
3) was conducted. After conducting  the baseline  tests, participants were  instructed  to  try out 
different  intensities  of  the  intended  in‐game  strength  and  walking  exercises  and  rate  their 
























The  incorporated  multidimensional  exercise  regimen  consisting  primarily  of  strength  and 
endurance exercises as well as some balance and flexibility exercises strictly follows established 
principles  of  exercise  training  regarding,  duration,  volume,  and  frequency  [33,34].  Strength, 







feasible  for  a  wide  range  of  fitness  levels  and  at  the  same  time  allow  a  gradual  intensity 



























of  exercise  among  patients  with  type  2  diabetes  [39],  and  it  was  hypothesized  that 
implementation of regular walking into the daily routine through the game would therefore have 
a  lower threshold than many other  forms of physical activity.  In addition, walking‐related step 
counts  can  be  easily  and  accurately measured  via  the  phone’s  accelerometer,  as  shown  in 
publication 4 [4] and therefore be objectively assessed and rewarded in the game. By measuring 
the  number  of  steps  in  specific,  predefined  time  intervals,  our  game  further  enables  the 
assessment of the walking intensity via the step cadence. The high average duration of in‐game 









game elicits meaningful  increases  in daily physical activity  that are  significantly higher  (+3,000 
steps) than those following a one‐time lifestyle counseling [5]. The found improvement after 24 
weeks even exceeds  the anticipated  increase of 2,500 steps, as postulated  for  the sample size 
calculation,  and  thereby underlines  the  effectiveness of  the  game  in  sustainably motivating a 
target group that is highly inactive and very unlikely to change their physical activity behavior [40] 
to meet  and  adhere  to  physical  activity  guidelines.  The  effectiveness  of  the  game  is  further 
highlighted by the very strong correlation (rs=0.91) between total in‐game training and change in 
daily physical activity [5], which indicates that those who played the game more, in fact, increased 
their  daily  physical  activity more  than  those who  played  the  game  less.  It  can,  therefore,  be 
















would  lead  to  an underestimation of unknown magnitude of  the  true number of daily  steps. 
Second, while smartphones have been shown to detect steps accurately during various walking 
speeds [4], and especially above walking speeds of 3.2 km/h, the accuracy of step detection during 
slow and very  slow walking as well as during  intermittent walking, a  typical walking profile of 
incidental everyday activity, has to date not conclusively been confirmed [41,42]. An inaccurate 
step  detection  during  these  incidental  activities  could  therefore  likely  have  led  to  an 
underestimation of the true number of steps [42]. However, because of the proven high accuracy 








moderate‐to‐vigorous‐intensity walking  contributed  to  the  improvements  in  aerobic  capacity. 
Applying 3 METs as  the  lower  limit of moderate‐intensity activity  [44], participants reached an 
average of 330 MET‐minutes during in‐game walking per week and thus reached an amount that 
has been  shown  to be  sufficient  to benefit  cardiovascular  risk  factors  [45],  reduce  the  risk of 
premature mortality [46], and improve glycemic control [47]. It is therefore somewhat surprising 
that while the increase in daily physical activity was associated with significant improvements in 






months  beyond  an  intervention  period  to  become  visible  [49].  In  addition,  the  relatively  low 
baseline  HbA1c  of  6.2%  indicates  a medically  well‐controlled  diabetes  and makes  additional 
improvements through an increased physical activity level more unlikely than would a higher value 
at baseline. The significant adjusted difference between the two study groups of ‐0.9 percentage 











from a physical activity‐promoting  intervention  [51]. Because  the game enhanced participants’ 
physical activity‐related perceived competence  in a dose‐dependent manner, as  shown by  the 























A  further  strength  is  the  24‐week  intervention  period.  Because  half  of  all  participants  with 
diabetes drop out of exercise programs within 3 months [50], choosing a study design that exceeds 
this critical timeframe was important. It has further been shown that after 6 months, usually no 
further decreases  in  compliance occur  [53].  The  fact  that  the  game elicited  increases  in daily 
physical  activity  that were  sustained  throughout  the  entire  intervention period highlights  the 
motivational quality of the game. Further strengths of the project are that a sample size calculation 
was performed for the 24‐week intervention study and that the primary outcome ‘daily physical 











behavior  through  the  illustration of  the phone‐recorded game usage data,  this project  further 
combined  subjective  and  objective  instruments  and  thereby made  the meaning  of  abstract 
questionnaire scores more tangible. Finally, the fact that participants did not receive instructions 
on  how  often  and  when  to  use  the  game  and  that  this  project  consequently  assessed  the 
autonomous effectiveness of the game in a real‐life condition, makes the shown improvements in 
daily physical activity even more relevant. 
A  limitation of  the  study  design  that  is  due  to  the  smartphone  game‐based  character  of  the 
intervention is that there is no adequate placebo condition. A blinding of the study participants as 
proposed in the CONSORT Statement was therefore not possible [54,55]. By providing the same 
amount of exercise  consultations and  follow‐up phone  calls during  the  intervention period  to 
participants  in both  groups,  it was  ensured  that  all participants otherwise  received  the  same 
treatment and amount of personal contact. Combined with the blinding of the outcome assessors, 
this approach appeared to be the best method to compensate for the inevitable methodological 

















and  advertisements  in  local  and  trans‐regional  newspapers,  online  advertisement  in  the  job 









[40] contributed to the overall very  low response rate. Only 68 participants were  interested  in 
participating in the study, which represents only approximately 1% of all type 2 diabetes patients 
in the Basel metropolitan area. This underlines the enormous difficulty in motivating the target 










smartphone game  is  justified,  this  inclusion criterion may have excluded  interested  individuals 
from participating. Finally, it is possible that the idea of a physical activity‐promoting smartphone 
game was  unappealing  to  some  of  the  potential  participants. While  the  vast majority  of  the 
included participants enjoyed the game, it is possible that a negative connotation towards video 
games or a general disinterest  in  smartphone games/ applications kept  some of  the potential 
participants from responding to the study ads.  
A  further  limitation  is  that  the  effectiveness  of  the  single motivational  elements  that  were 
incorporated into the game was not assessed and it therefore remains to be determined, which 
conceptual ideas and behavior change mechanics were particularly successful in increasing daily 
physical  activity.  It  further  remains  to  be  determined  how  the  effectiveness  of  the  different 
elements  differed  from  player  to  player  or  potentially  over  time  in  the  same  player.  The 
identification of individually successful motivational elements would be important knowledge for 
the  design  of  future  game  applications  and  interventions  with  the  potential  to  tailor  the 
motivational game mechanics to the behavioral profile of the individual player.  
Finally,  possibly  the  strongest  limitation  with  regard  to  the  analysis  of  the  physical  activity 













minutes  of  in‐game  training  per  week  and  thereby  adhere  to  established  physical  activity 
recommendations [38] through in‐game training alone. The potential of the game to sustainably 








included  in  the  study,  a wider  dissemination  should  be  pursued  as  a  next  step.  It  could  be 
envisioned that diabetes care specialists prescribe the game as an enhancement of their standard 
care and thereby concurrently obtain the opportunity to track their patients’ adherence to the 





at type 2 diabetes patients,  it  is certainly suitable for other  inactive target groups with chronic 
diseases  and  limited  fitness,  such  as  chronic  obstructive  pulmonary  disease  or  chronic  heart 

















activity  promotion  and  dietary  advice  could  further  improve  health  outcomes,  particularly  in 
diseases that are in great part attributable to lifestyle‐dependent, modifiable risk factors such as 




underlines  the  importance  to  increase  medication  adherence.  Although  evidence  for  the 
effectiveness of medication adherence apps is sparse to date, it has been suggested that patients’ 
medication adherence may be improved if medication reminder functions are incorporated in a 
well‐conceived way and with  the  inclusion of health care professionals  to cater  to  the specific 
needs of the individual patient [61]. If the addition of such features is pursued, the continuation 






assessment  system  that  can  distinguish  those  motivational  elements  that  are  likely  to  be 
successful  in  an  individual  from  those  that  may  be  counterproductive  would  be  extremely 
beneficial  not  just  for  gamified  approaches  but  for  all  interventions  that  use  technology  to 
promote healthy behavior change. For example, if an individual perceives the reminder function 
as disturbing and annoying rather than encouraging, it will likely lead the individual to disregard 
the  reminder  and  subsequently  not  elicit  the  intended  behavior  change.  Identification  of  the 
negative perception of this specific mechanic would allow its deactivation and thereby eliminate 
one (additional) factor that is likely to stand in the way of a long‐term adherence. 







tests can be accurately conducted  in  large cohorts while requiring almost no staff expenses.  In 
addition, the demonstrated feasibility to use a sensor‐based verification of the correct execution 
of an extensive physical activity regimen consisting of endurance, strength, balance, and flexibility 









In  this  Ph.D.  project  and  following  extensive  preparatory  research  (publication  1  and  2),  I 
collaborated with an international team consisting of sports scientists, gamification researchers, 
professional game developers, and clinical professionals in developing an innovative smartphone 
game with  the  aim  to  encourage  a  healthier, more  active  lifestyle  through  gamified  physical 
activity in inactive type 2 diabetes patients. The game takes the proven motivational benefits of 




based  on  the  performance  in  established  and  in‐game‐conducted  exercise  tests.  A  24‐week 
randomized controlled trial (publication 5 and 6), the core part of this Ph.D. project, showed that 
the innovative game motivates persistently inactive type 2 diabetes patients sustainably to engage 
in  regular  physical  activity.  Participants  in  the  intervention  group  who  received  the  game 
significantly  increased  their questionnaire‐assessed  intrinsic physical activity motivation with a 







game  is  further  highlighted  by  the  significant  and  clinically  relevant  improvements  in  aerobic 
capacity that accompanied the increases in daily physical activity and demonstrate the beneficial 
impact  of  the  game’s  high  amount  of  moderate‐to‐vigorous‐intensity  training.  The  shown 
increases in daily physical activity contributed to the stabilization of a medically well‐controlled 




personalized  physical  activity  recommendations  into  an  elaborate  storyline  elicits  clinically 
relevant  increases  in daily physical activity and aerobic capacity  in persistently  inactive  type 2 
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• Perform  examinations  with  study  participants  and  patients  of  the  department’s
outpatient  clinic  including  anthropometry,  physical  exercise  testing,  (strength  and
endurance), and vascular diagnostics
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